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I 

ABSTRACT 

This  r e p o r t  d e s c r i b e s  f o u r  program packages f o r  use on t h e  L I N C  

computer. 

(1) A program package which e n a b l e s  t h e  LINC and a Te le type  t o  be  

used  as a ve ry  s o p h i s t i c a t e d  desk c a l c u l a t o r  i n c l u d i n g  g r a p h i c a l  o u t p u t  

w i t h  a Calcomp p l o t t e r .  

( 2 )  A g e n e r a l  purpose double p r e c i s i o n  f l o a t i n g  p o i n t  s u b r o u t i n e  

package f o r  t h e  L I N C .  

(3) A set  o f  i npu t -ou tpu t  r o u t i n e s  p r o v i d i n g  f o r  t h e  communication 

of o c t a l ,  decimal  and alphanumeric i n f o r m a t i o n  v i a  a Te le type .  

( 4 )  A l s o  i nc luded  is  a d d i t i o n a l  i n f o r m a t i o n  on t h e  LOSS s y s t e m  (see 

"An Operat ing System f o r  t h e  LINC Computer," R. K.  Floore, NASA Techn ica l  

Report  No. IKL-1038) under which t h e  above packages may be used. 
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I. INTRODUCTION 

During t h e  las t  two y e a r s  the LINC Programming Group of t h e  

Gene t i c s  Department, S t an fo rd  Un ive r s i ty  School of Medicine,  has  

w r i t t e n  numerous LINC programs f o r  u se  by t h e  b i o l o g i c a l  r e s e a r c h e r s  

of t h e  department.  

c o n v e r s a t i o n a l  input-output  between the  u s e r  and t h e  computer. Thus 

t h e  r e s e a r c h e r ,  by means of a Te le type ,  can in te rac t  wi th  h i s  program 

and any in s t rumen ta t ion  which may be  on l i n e  w i t h  t h e  computer. The 

t h r e e  program packages desc r ibed  i n  t h i s  r e p o r t  have been p a r t i c u l a r l y  

u s e f u l  i n  handl ing  t h e  above a p p l i c a t i o n s .  It i s  because of t h e i r  

f l e x i b i l i t y  and use fu lness  t h a t  they are h e r e i n  r epor t ed  f o r  t h e  use  

of o t h e r  i n t e r e s t e d  LINC u s e r s .  

Heavy emphasis has  been p l aced  upon provid ing  f o r  

A s  w i th  any p i e c e  of computer so f tware ,  t h e s e  packages a r e  some- 

what dependent upon t h e  conf igu ra t ion  of t h e  input -output  i n t e r f a c e s .  

The p e r t i n e n t  a s p e c t s  of t h e s e  i n t e r f a c e s  a r e  desc r ibed  i n  d e t a i l  i n  

t h e  appendices  of t h e  r e p o r t .  A p r o s p e c t i v e  u s e r  i s  urged t o  check h i s  

c o n f i g u r a t i o n  a g a i n s t  t h a t  given.  I f  a d i f f e r e n c e  e x i s t s  i t  u s u a l l y  

can  be accommodated by j u d i c i o u s  changes of a few i n s t r u c t i o n s  (OPR's, 

SXL's ,  A T R ' s ,  etc.) i n  the  programs. The l i k e l y  p l a c e s  where changes 

may be needed are i n d i c a t e d  i n  t h e  i n d i v i d u a l  program d e s c r i p t i o n s .  

The f i r s t  program desc r ibed ,  CALCULATOR 111, i s  a complete pro- 

gram t h a t  enab le s  t h e  LINC and a Te le type  t o  perform i n  a manner q u i t e  

comparable t o  t h e  most s o p h i s t i c a t e d  e l e c t r o n i c  c a l c u l a t o r s  on t h e  

market  today. 

are inc luded ,  d i r e c t  communication w i t h  d a t a  b locks  on LINC t a p e  is 

p e r m i t t e d ,  and i f  a Calcomp p l o t t e r  i s  a v a i l a b l e ,  ou tpu t  may be 

graph i ca  11 y d i  s p  layed . 

I n  a d d i t i o n ,  vec to r  o r  s i n g l e  dimension a r r a y  o p e r a t i o n s  

The second package i s  a set of f l o a t i n g - p o i n t  r o u t i n e s .  They 

a l s o  e x i s t  i n  CALCULATOR 111, but h e r e  i n  a form more s u i t a b l e  f o r  

i n c l u s i o n  i n  any LINC program w h e r e  double-prec is ion  f l o a t i n g - p o i n t  

a r i t h m e t i c  i s  d e s i r e d .  They occupy two q u a r t e r s  of LINC memory and 



when so inc luded ,  become a comprehensive set of f l o a t i n g  p o i n t  macro 

i n s t r u c t i o n s .  

T h e  t h i r d  package c o n t a i n s  numerous g e n e r a l  purpose r o u t i n e s  i n  

sou rce  code form i n v a l u a b l e  t o  any L I N C  program where c o n v e r s a t i o n a l  

input -output  i s  d e s i r e d .  These may be  i n s e r t e d  i n t o  LINC programs as 

des i r ed  t o  a l low o c t a l ,  decimal  o r  a lphanumeric  communication wi th  t h e  

LINC using a Model 33 Te le type  i n  ha l f -duplex  mode. 

These packages are p r e s e n t l y  u t i l i z e d  under  t h e  LOSS sys tem,  a 

genera l  d e s c r i p t i o n  of which is  con ta ined  i n  Sec t ion  V of t h i s  r e p o r t .  

Magnetic tape cop ies  of CALCULATOR 111, t h e  f l o a t i n g  p o i n t  rou- 

t i n e s ,  and t h e  sou rce  coding ( i n  LOSS) of  t h e  input -output  r o u t i n e s  w i l l  

be suppl ied  upon r e q u e s t  t o  any i n t e r e s t e d  use r .  These w i l l  be  p l aced  

upon a L I N C  tape a long  wi th  t h e  LOSS moni tor  ( s e e  Sec t ion  V ) .  

Users wish ing  such a copy are r eques t ed  t o  send a marked L I N C  

t a p e  with t h e i r  r eques t  t o :  

L I N C  Programming Group 
Ins t rumen ta t ion  Research Laboratory 
Gene t i  cs Depar t  men t 
S tan fo rd  Un ive r s i ty  School of  Medicine 
Pa lo  A l t o ,  C a l i f o r n i a  94304 
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11. CALCULATOR I11 

The c a l c u l a t o r  program was designed and w r i t t e n  t o  a l low use  of 

t h e  LINC f o r  c a l c u l a t i o n s  and s i m p l e  s t a t i s t i c s  wi thout  s p e c i a l  pro- 

gramming f o r  each u s e r .  Ca lcu la to r  I conta ined  a l l  t h e  f e a t u r e s  of a 

desk  c a l c u l a t o r  p l u s  some b a s i c  f u n c t i o n s ;  s i n e ,  c o s i n e ,  squa re  r o o t ,  

e t c .  With t h e  a d d i t i o n  i n  1964 of 1024 words of memory, C a l c u l a t o r  I 

w a s  expanded t o  handle  l i s t s  of  da t a  (one-dimensional a r r a y s )  and 

renamed C a l c u l a t o r  11. I n  1966, C a l c u l a t o r  I1 was r e w r i t t e n  t o  incor -  

p o r a t e  more complicated s t a t i s t i c a l  r o u t i n e s  and more e x t e n s i v e  input -  

ou tpu t  f u n c t i o n s ;  t h i s  i s  Ca lcu la to r  111. A t  p r e s e n t ,  new r o u t i n e s  

are s t i l l  being added but  no changes i n  t h e  s t r u c t u r e  of t h e  program 

are foreseen .  

C a l c u l a t o r  111 is  organized  i n  a f a sh ion  a c c e p t a b l e  t o  non- 

computer personnel .  It  has  been found t h a t  a f t e r  10 minutes  of 

i n s t r u c t i o n ,  t h e  program can be used by persons  w i t h  no previous  know- 

ledge  of t h e  L I N C  o r  d i g i t a l  computers. 

by more exper ienced  o p e r a t o r s .  Due t o  t h e  v a r i e t y  of u s e r s ,  t h e  

fo l lowing  u s e r s  gu ide  may be e i ther  t o o  e x p l i c i t  o r  t oo  g e n e r a l .  

Add i t iona l  documentation i s  a v a i l a b l e .  

More e f f i c i e n t  use can be made 

A v a r i e t y  of o p e r a t i o n s  a r e  a v a i l a b l e  i n  t h e  c a l c u l a t o r .  These 

are l i s t e d  below f o r  r e f e r e n c e .  

STACK 

Add 0 
Sub t rac t  I 
Divide N 
Mu1 t i p  l y  P 
Exponent ia l  Q 
Log ( n a t u r a l )  R 
Arctan W 
S i n e  X 
Cosine 2 

Revers e 
S e t  P o i n t e r  
P r i n t  Fixed 
P r i n t  F l o a t i n g  
Square Root 
Read 
Write 
Type P o i n t e r  
Chi Square 

3 



. 

CL CALCOMP cp 

BLOCK 

BA 
BS 
BM 
BD 
BR 
BW 

VA 
vs 
VD 
VM 
VE 
VL 
VK 
VG 

VECTOR VH 
V I  
VN 
VP 

vu 
VT 
VF 
V J  

VQ 

P l o t  Line 
P l o t  P o i n t  

Block Add 
Block S u b t r a c t  
Block Mul t ip ly  
Block Divide 
Block Read 
Block Write 

Vector Add 
Vector S u b t r a c t  
Vector Divide 
Vector  Mul t ip ly  
Vector  Exponent ia l  
Vector Log 
Vector Arctan 
Vector  S ine  
Vector Cosine 
F i l l  Vector  
Vector P r i n t  Fixed 
Vector  P r i n t  F l o a t i n g  
Vector Square Root 
Mean and Standard  Devia t ion  
"Student ' s"  T-Test  
SUm 
Product  

The methods f o r  u s ing  t h e s e  o p e r a t i o n s  are desc r ibed  i n  t h e  f o l -  

lowing pages.  The method f o r  i n p u t  of d a t a  (no t  mentioned above) i n -  

vo lves  t h e  use of a p o i n t e r  and s t a c k .  Hence, i t  seems worthwhile  t o  

d e s c r i b e  f i r s t  t h e  p e r t i n e n t  f e a t u r e s  of memory a l l o c a t i o n  and d a t a  

s t o r a g e .  

1. Data S torage  and Memory A l l o c a t i o n  

A. The upper h a l f  of memory is  used f o r  d a t a .  Loca t ion  2000 
through 3734 (17348 1 2  b i t  words) f u n c t i o n  as a s t a c k  o r  l i s t .  

double  p r e c i s i o n  f l o a t i n g  p o i n t  a r i t h m e t i c  is used ( t h r e e  1 2  b i t  words 

p e r  s t a c k  c e l l ) ,  t h e r e  are 329 s t a c k  cel ls  a v a i l a b l e .  

numbered from 0 t o  328. Stack  c e l l  1 corresponds  t o  l o c a t i o n  2003, 

2004, and 2005; and so f o r t h .  

S ince  

These are 

4 



The a d d r e s s i n g  of t h e  s t a c k  cells is  handled  by a p o i n t e r  f o r  

For  

Type i n  

t h e  o p e r a t i o n s  l i s t e d  as " s t ack  operat ions ' '  on t h e  p rev ious  page. 

example: 

a n  i n t e g e r  "349;". 

t e g e r  i n t o  s t a c k  ce l l  18. 

s t a c k  c e l l  19. 

set t h e  p o i n t e r  t o  s t a c k  cel l  17 by command "118;". 

The p o i n t e r  increments i t s e l f  and d i r e c t s  t h e  in -  

The next i n t e g e r ,  "638;", w i l l  be  p l aced  i n  

The p o i n t e r  l o c a t i o n  is 3761. This  12  b i t  word c o n t a i n s  t h e  

number of  t h e  s t a c k  cel l  a t  which t h e  p o i n t e r  is looking.  I n  t h e  

above example i t  would c o n t a i n  18. Loca t ions  3762 through 3777 are 

used  as an i n p u t  b u f f e r .  All c h a r a c t e r s  typed  i n  are s t o r e d  h e r e  

u n t i l  t h e  semicolon i s  s t r u c k .  

Loca t ions  3735 th rough 3760 c o n t a i n  v e c t o r  d e f i n i t i o n s .  

Vec to r s  are merely lists w i t h i n  t h e  s t a c k .  They can be  d e f i n e d  by t h e  

u s e r  and subsequen t ly  used by number. a v e c t o r  may b e  

d e f i n e d  as a list s t a r t i n g  i n  s t a c k  cel l  20 and c o n s i s t i n g  of t h e  50 

consecu t ive  s t a c k  cells. 

i n  S e c t i o n  3. 

For example: 

The use of t h e s e  %ec to r s "  w i l l  be  exp la ined  

B. The lower h a l f  of memory is used f o r  t h e  program. I n  g e n e r a l ,  

t h e  f i r s t  two q u a r t e r s ,  0 and 1, are used f o r  t h e  v a r i o u s  c o n t r o l  

r o u t i n e s ,  wh i l e  q u a r t e r s  2 and 3 c o n t a i n  t h e  f l o a t i n g  p o i n t  r o u t i n e s .  

S i n c e  t h e s e  l a t te r  q u a r t e r s  a r e  used by a lmost  a l l  t h e  c o n t r o l  r o u t i n e s ,  

t h e y  are always p r e s e n t  i n  co re .  

C. Diagram of  Upper Half of Memory 

' yo  1 DATA 

3734 

VECTOR DEFINITIONS 
3:35 3760 t 
3162 3777 t- 
3761 - POINTER 

INPUT BUFFER 

5 



I D. Diagram of Tape S to rage  

loo 5. STACK CONTROL AND ARITHMETIC 
10 1 

lo2 I FLOATING POINT PACKAGE 103 

VECTOR CONTROL AND ARITHMETIC 76 
77 "' } PRINTOUT AND FUNCTION SUBROUTINES 106 

10 7 

73 - BLOCK COMMANDS 

;y  CALCOMP COMMANDS 
72 

STATISTICAL ROUTINES AND TABLES 

133 

2. Stack Opera t ions  

The e i g h t e e n  o p e r a t i o n s  l i s t e d  i n  t h i s  group have one c o n s i s t e n t  

s i m i l a r i t y ;  they  are c a l l e d  w i t h  a s i n g l e  le t ter .  I n  a d d i t i o n ,  most 

of them r e f e r  t o  t h e  p o i n t e r  f o r  t h e i r  d a t a  v a l u e s ,  and most of them 

c a r r y  out one o p e r a t i o n  p e r  command. 

A. P o i n t e r  Con t ro l  

Ibbb ; S e t  t h e  p o i n t e r  f o r  i n p u t  i n t o  bbb. This  

a c t u a l l y  sets i t  a t  bbb-1. 

Type t h e  v a l u e  of t h e  p o i n t e r .  x ;  

B. Data Inpu t  
2 

+329.56 ; Increment p o i n t e r  and s t o r e  3.2956 x 10 

i n  t h e  a p p r o p r i a t e  s t a c k  ce l l .  

6 



-99 -1.5 ,-99 ; Increment p o i n t e r  and s t o r e  -1.5 x 10 

i n  t h e  s tack ce l l .  

7 ;  Most d a t a  looks l i k e  t h i s .  

NOTE: Spaces are n o t  allowed w i t h i n  a command. E r r o r s ,  when 

d e t e c t e d ,  cause  immediate e x i t  from t h e  r eques t ed  r o u t i n e  and N I X  is 

typed  ou t .  

Exponents are allowed from lo-’’ t o  Larger  exponents  

are n o t  typed ou t  c o r r e c t l y  a l though they  are c o r r e c t  i n  memory. 

E igh t  s i g n i f i c a n t  d i g i t s  can be s t o r e d  i n  24 b i t s .  Typing 

i n  more than  8 is  meaningless .  

C. Data Output 

Nbbb ; Type i n  f ixed  p o i n t  a f o u r  d i g i t  number found 

i n  c e l l  bbb. 

Pbbb ; Type i n  f l o a t i n g  p o i n t  form t h e  s i x  most s i g -  

n i f i c a n t  d i g i t s  and t h e  exponent of c e l l  bbb. 

These two o p e r a t i o n s  may be  s t r u n g  t o g e t h e r  i n  t h e  form P1,2,  

3,4,100; “ P r i n t  s t a c k  ce l l s  1 ,2 ,3 ,4 ,  and 100”. 

D. Ar i thme t i c  Rout ines  

Represents  t h e  s t a c k  c e l l  w i t h  t h e  p o i n t e r .  

Represents  t h e  s t a c k  c e l l  preceding  t h e  p o i n t e r .  

I n d i c a t e s  t h a t  t h e  l e f t  s i d e  r e p l a c e s  t h e  r i g h t .  

P o i n t e r  decremented t o  X Xn- I+’,’ Xn- 1 n-1 

P o i n t e r  decremented t o  X xn- p*- xn- 1 n- 1 

P o i n t e r  decremented t o  X 
’ (Xn)-P’n-l n-1 

P o i n t e r  decremented t o  X ‘n-l”n* ‘n - 1 n- 1 

7 



Note t h e  p o s i t i o n  of t h e  operands  i n  t h e  s u b t r a c t  and d i v i d e .  

Because t h e s e  o p e r a t i o n s  are n o t  symmetr ica l  t h e  fo l lowing  o p e r a t i o n  

h a s  been inc luded :  

0 ;  Xn--Xn i .e . ,  r e v e r s e  t h e  las t  t w o  l o c a t i o n s .  

The a r i t h m e t i c  o p e r a t i o n s  perform as a " f o l d  down s t a c k . "  

examples a t  end of  S e c t i o n  11. 

See 

E. Funct ions  

L; loge  x p x n  P o i n t e r  unchanged 

P o i n t e r  unchanged Xn E ;  e Xn 

x - xn P o i n t e r  unchanged 
n Q; 

P o i n t e r  unchanged 
n S i n  X + X  n G ;  

cos  x-x P o i n t e r  changed 
n n H ;  

K; Arctan Xn+Xn P o i n t e r  unchanged 

F. Misce l laneous  

w; 
R ;  

Zm,n; See s t a t i s t i ca l  rout ines-Chi  squa re .  

Write upper  memory i n t o  b locks  114-117. 

Read upper  memory from b locks  114-117. 

G.  Examples of Opera t ions  Using t h e  S tack  

I O ;  S e t  p o i n t e r  t o  cell-1 

1.1; Put  1.1 i n t o  ce l l  0 

35.7; Pu t  35.7 i n t o  ce l l  1 

A; Add and s t o r e  i n - c e l l  0 

8 



(2) Eva lua te  

m; 

3. Vector  Opera t ions  

Put  2 . 3  i n t o  c e l l  1 

Divide i n t o  prev ious  sum and s t o r e  i n  c e l l  0 

Put  1 i n t o  c e l l  1 

S u b t r a c t  from p rev ious  q u o t i e n t  s t o r e  ce l l  0 

Put  22.4 i n t o  ce l l  1 

Mul t ip ly  times c e l l  0 and s t o r e  

P r i n t  t h e  va lue  at t h e  p o i n t e r .  (PQ would 

have t h e  same r e s u l t  s i n c e  t h e  p o i n t e r  is a t  

ce l l  0.)  

1 

( 1 x 2 ~ 3 ~ 4 ~ 5 ~ 6 )  

S e t  p o i n t e r  t o  ce l l  19 

Pu t  1 i n  cell  20 

P u t  2 i n  cell  2 1  

Pu t  3 i n  cel l  22 

Pu t  4 i n  cel l  23  

Pu t  5 i n  cell 24 

Put  6 i n  cel l  25 

Mul t ip ly  6 x 5 s t o r e  i n  c e l l  24 

Mul t ip ly  30 x 4 s t o r e  i n  c e l l  23 

Mul t ip ly  120 x 3 s t o r e  i n  c e l l  22 

Mul t ip ly  360 x 2 s t o r e  i n  c e l l  2 1  

Mul t ip ly  770 x 1 s t o r e  i n  ce l l  20 

Put  1 i n  ce l l  2 1  

Reverse cel l  2 1  and 20 

Div ide  1 by 720 s t o r e  i n  c e l l  20 

P r i n t  r e s u l t  (P20 would a l s o  p r i n t  t h e  r e s u l t )  

A v e c t o r  is  a one-dimensional a r r a y  o r  l ist w i t h  a beginning  p o i n t  

and a l e n g t h .  In terms of t h e  s t a c k  concept ,  a v e c t o r  i s  a d e f i n e d  

s u b s e t  of t h e  s t a c k .  That is ,  the  s t a c k  might  be  d e f i n e d  as a v e c t o r  
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s t a r t i n g  a t  0 wi th  a l e n g t h  of 329 cells .  Another v e c t o r  might s tart  

a t  ce l l  20 wi th  a l e n g t h  of 10 cel ls ,  and s o  f o r t h .  The use  of t h e s e  

v e c t o r s  w i l l  become more apparent  i n  t h e  examples below. 

ope ra t ions  can be  performed w i t h  v e c t o r s .  

The fo l lowing  

A. Defining a Vector  

The u s e r  is  al lowed t o  d e f i n e  t h e  v e c t o r s  he chooses  t o  use.  

For s i m p l i c i t y  v e c t o r  names are t h e  d i g i t s  0 t o  9.  

V1, 10, 50: Define v e c t o r  1, s t a r t i n g  i n  c e l l  10  w i t h  

l e n g t h  of 50 c e l l s ,  i . e . ,  ce l l s  10-59. 

v9, 2 ,  20: Define v e c t o r  9 ,  s t a r t i n g  i n  c e l l  2 wi th  

l eng th  of 20 c e l l s ,  i . e . ,  cel ls  2-21. 

The f a c t  t h a t  v e c t o r  1 and 9 are ove r l app ing  is i n c o n s e q u e n t i a l .  

B. Vector Ar i thmet ic  

VA1, 2 ,  3:  Add t h e  f i r s t  c e l l  of  v e c t o r  1 t o  t h e  f i r s t  

c e l l  of v e c t o r  2 ,  s t o r e  i n  t h e  f i r s t  cel l  of  

v e c t o r  3 and con t inue  wi th  each succeeding  

element .  

vs1, 2 ,  3: S u b t r a c t  v e c t o r  2 from v e c t o r  1, s t o r e  i n  3. 

vM1, 2 ,  3:  Mult ip ly  v e c t o r  1 by 2 ,  s t o r e  i n  3. 

V D 1 ,  2 ,  3: Divide 1 by 2 ,  s t o r e  i n  3. 

(1)  I f  v e c t o r  2 ( o r  1 )  is  s h o r t e r  than  1, t h e  o p e r a t i o n  w i l l  

loop  back t o  the  beginning.  The l o n g e r  v e c t o r  must be s a t i s f i e d  

b e f o r e  the  o p e r a t i o n  t e rmina te s .  

( 2 )  I f  t h e  s t o r a g e  v e c t o r  ( v e c t o r  3) is  t o o  s h o r t  an  e r r o r  

message is typed o u t .  

(3)  I f  less than  t h r e e  v e c t o r s  are s p e c i f i e d  i n  an o p e r a t i o n ,  

t h e  last  one o r  two w i l l  be  assumed. 

vM3 : Mult ip ly  3 by 3 ,  s t o r e  i n  3 ,  i . e . ,  squa re  i t .  
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C. 

D. 

E. 

Vector Funct ions  

V Q 1 ,  3: Square root  of each element  i n  v e c t o r  1 is 

s t o r e d  i n  v e c t o r  3. 

VE, VL, VG,  VH,  VK are similar. 

Vector  Output 

vP1, 4 ,  5:  

VN5, 4 ,  1: 

Misce l laneous  

VI3 : 

VF1, bbb : 

V J 1 ,  bbb : 

P r i n t  v e c t o r s  1, 4 and 5 i n  t h r e e  columns. 

P r i n t  f ixed  5 ,  4 ,  and 1 i n  t h r e e  columns. 

F i l l  vec to r  3 w i t h  an  a r i t h m e t i c  series; t h e  

s t a r t i n g  number is  i n  t h e  f i r s t  c e l l  of 

v e c t o r  3; t h e  increment  i n  second c e l l .  

Compute t h e  sum of t h e  ce l l s  i n  v e c t o r  1, 

s t o r e  t h e  r e s u l t  i n  c e l l  bbb. 

Compute t h e  product  of t h e  cells  i n  v e c t o r  1, 

s t o r e  result i n  c e l l  bbb. 

(1) Sense swi t ch  0 causes e x i t  from t h e  p r i n t  r o u t i n e s .  

( 2 )  When p r i n t i n g  i n  f l o a t i n g  form, a maximum of 5 v e c t o r s  

can be p r i n t e d  s i n c e  t h i s  f i l l s  the t e l e t y p e  page. 

maximum f o r  t h e  f i x e d  form i s  9 .  

The cor responding  

(3)  Vectors  must be  def ined b e f o r e  they are used. The c a l -  

c u l a t o r  p r i n t s  N I X  i f  an undefined v e c t o r  is reques ted .  

s i n c e  v e c t o r s  remain de f ined  a f t e r  u s e ,  i t  i s  more l i k e l y  t h a t  one 

f o r g e t s  t o  r e d e f i n e  a v e c t o r .  

message. 

v e c t o r  excep t  when i t  is t o o  s m a l l  f o r  s t o r a g e .  

However, 

T h i s  may o r  may no t  cause an e r r o r  

The c a l c u l a t o r  d o e s n ' t  know i f  you meant t o  r e d e f i n e  a 

F. Examples Using Vectors  

(1)  Evalua te  
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v1,  0 ,  100; 

I 0  ; 

1; 

1; 
V I 1 ;  

v2, 100,  100; 

VX1,  1, 2 ;  

V E 1 ;  

1200; 

1; 
v3,  200, 1; 

V A l ,  2 ,  1; 

I200  ; 

4 . 6 2 ;  

vs2, 3 ,  2 ;  

vn1,  2 ;  

VQ2 ; 

I200 ; 

3 .5 ;  

VX3 , 2 ; 

VP2 ; 

Define v e c t o r  1. 

S e t  p o i n t e r  t o  -1. 

Put 1 i n  c e l l  0. 

Put 1 i n  c e l l  1. 

F i l l  v e c t o r  1 w i t h  t h e  d i g i t s  1-100. 

Define v e c t o r  2 .  

Square v e c t o r  1, s t o r e  i n  2 .  

Exponent ia l  o f  v e c t o r  1, s t o r e  i n  1. 

S e t  p o i n t e r  t o  199 .  

Put 1 i n  c e l l  200. 

Define v e c t o r  3. 

Add t h e  v a l u e  1 t o  v e c t o r  1, s t o r e  i n  1. 

S e t  p o i n t e r  t o  199. 

Put 4 . 6 2  i n  200. 

S u b t r a c t  from v e c t o r  2 ,  s t o r e  i n  2 .  

Divide v e c t o r  1 by 2 ,  s t o r e  i n  2 .  

Square r o o t  of 2 .  

Se t  p o i n t e r  t o  199 .  

Put 3.5 i n  200. 

Ldultiply t i m e s  v e c t o r  2 .  

P r i n t  v e c t o r  2 .  

C(x2 - y )  Where x and y each have 

50 v a l u e s  t o  be  typed i n .  S i n  (3.6-x) 
( 2 )  Eva lua te  

I O ;  S e t  p o i n t e r  t o  0 .  

I n p u t  X v a l u e s .  

(Y,) ; 

( Y 2 >  ; 
Inpu t  Y v a l u e s .  

w ; Write on t a p e  i n  case of b lunde r .  

V 1  ,O ,50,2,50,50,3,100,50;  Define v e c t o r s  1, 2 ,  and 3 .  

1150; S e t  p o i n t e r  t o  1 4 9 .  

3.6; Put 3.6 i n  ce l l  150. 
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V 4 ,  150,  1; Define vec to r  4 .  

vs1, 4 ,  3; S u b t r a c t  v e c t o r  1 from 4 ,  s t o r e  i n  3. 

VG3 ; Sine  of vec to r  3. 

Wll ; Square v e c t o r  1. 

vs1, 2 ;  S u b t r a c t  v e c t o r  2 from 1, s t o r e  i n  2.  

V1)3,2; Divide vec to r  3 by 2 ,  s t o r e  i n  2 .  

VF2, 300; Sum v e c t o r  2 ,  s t o r e  i n  c e l l  300. 

1301; S e t  p o i n t e r  t o  300. 

0 ;  Square r o o t .  

P ;  o r  P300; P r i n t .  

-1.9 (3) Eva lua te  

I100 ; S e t  p o i n t e r  a t  99. 

4 ;  Put  4 i n  100. 

2.3; Put  2 .3  i n  101. 

A; Add and s t o r e  i n  100. 

1; Put  1 i n  101. 

l ieverse .  

Divide 1 by 6.3, s t o r e  i n  100. 

Q ;  Square root  of  v a l u e  i n  100. 

-1.9;  Put  -1.9 i n  101.  

Exponent ia l  of 101. 

ihlultiply t i m e s  100, s t o r e  i n  100. 

Put  35.5 i n  101. 

Reverse. 

S u b t r a c t  101 from 100,  s t o r e  i n  100. 

P r i n t  resul t .  (P100 would a l so  p r i n t  t h e  

r e s u l t .  ) 

From t h e  examples above, i t  should be clear t h a t  t h e  p o i n t e r  t a k e s  care 

o f  i t s e l f  i n  most cases. It obeys a f a i r l y  l o g i c a l  s e t  of r u l e s ,  

which, w i t h  a l i t t l e  p r a c t i c e  can be r e l e g a t e d  t o  a subconsc ious  

c o r n e r  of t h e  human memory. 
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S u b t o t a l s  may b e  p r i n t e d  ou t  a t  any t i m e  w i t h  no e f f e c t  on t h e  d a t a  

s t o r e s  i n  t h o s e  cells. Data is no t  des t royed  by re - reading  t h e  system. 

Hence, one is f r e e  t o  t r y  any c o n f i g u r a t i o n  of commands which seem 

l o g i c a l .  The read  on 

t a p e  (R) and w r i t e  on t a p e  (W) i n s t r u c t i o n s  are f o r  t h e  p r e s e r v a t i o n  

of long  d a t a  lists. I f  one f e a r s  t h a t  an o p e r a t i o n  may a l t e r  

i r r e p a r a b l y  t h e  d a t a  they have a rduous ly  typed i n ,  W ;  w i l l  keep a l l  

d a t a ,  t h e  p o i n t e r ,  and t h e  v e c t o r  d e f i n i t i o n s  on t a p e .  A f t e r  execu t ing  

R ;  t h e  c a l c u l a t o r  system w i l l  be  i n  p r e c i s e l y  t h e  same c o n f i g u r a t i o n  

as i t  was be fo re  t h e  l a s t  W. 

A t  wors t  they  w i l l  cause  t h e  program t o  h a l t .  

4 .  &lock Opera t ions  

The block o p e r a t i o n s  provide  input -output  between t h e  c a l c u l a t o r  

and Linc t a p e .  They ope ra t e  on s t a c k  cel ls  0-255 f o r  bo th  i n p u t  and 

ou tpu t .  

BRd ,x ;  Read b lock  x ,  u n i t  d i n t o  q u a r t e r  1; conver t  

each 1 2  b i t  word t o  double  p r e c i s i o n  f l o a t i n g  

p o i n t  and s t o r e  s e q u e n t i a l l y  i n  s t a c k  cel ls  

0 through 255. 

BWd ,x ; Fix  each double  p r e c i s i o n  f l o a t i n g  p o i n t  word 

i n  c e l l s  0-255, w r i t e  on t a p e  b lock  x ,  u n i t  d.  

*BAd,xl,x2,x3; Read b lock  x u n i t  d i n t o  q u a r t e r  1; add 1’ 
each va lue  t o  t h e  cor responding  s t a c k  c e l l ;  

con t inue  f o r  x x etc.  

*BSd ,x ;  S u b t r a c t  block x ,  u n i t  d from s t a c k  cel ls  
2’  3 ’  

0-255. 

*BMd ,x ;  Mul t ip ly  b lock  x ,  u n i t  d t i m e s  s t a c k  cel ls  

0-255. 

*BDd ,x ;  Divide b lock  x ,  u n i t  d i n t o  s t a c k  ce l l s  

0-255. 

*More than  one b lock  may b e  s p e c i f i e d ,  as i n  t h e  above b lock  add. 

However, t h e  l i m i t  on t h e  number of c h a r a c t e r s  i n  a t e l e t y p e  command 

is  28. The re fo re ,  t h e  fo l lowing  command r e p r e s e n t s  t h e  maximum leng th  
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which w i l l  b e  c o r r e c t l y  i n t e r p r e t e d :  BA1,  102, 103 ,  104 ,  105 ,  106 ,  

107 ; . 
5. Calcomp Rout ines  

A t  p r e s e n t ,  t h e  Calcomp r o u t i n e s  p rov ide  a qu ick  method of dumping 

a s t r i n g  of d a t a  p o i n t s .  

o u t  o t h e r  r o u t i n e s  such  as l o g  and s i n e .  

I have used them e x t e n s i v e l y  f o r  checking 

Form of  Command : 

c - -9-9-9.-; The "C" refers t o  Calcomp. 

(1)  The f i r s t  parameter  i s  e i t h e r  "L" o r  "P" i n d i c a t i n g  a con- 

n e c t e d  l i n e  p l o t  of an  unconnected series of p o i n t s .  

( 2 )  The second parameter  d e s i g n a t e s  t h e  v e c t o r  t o  be  p l o t t e d .  It 

must be  an i n t e g e r  from 0 t o  9.  

(3 )  The t h i r d  parameter d e s i g n a t e s  t h e  symbol ,  i f  any,  f o r  each  

p o i n t .  

0 no symbol 

1 0 

2 0 
3 A 

5 0 
4 0 

6 X 

7 + 
8 * 

( 4 )  The f o u r t h  pa rame te r  r e f e r s  t o  t h e  X dimension of the p l o t .  

a. ,8,  would produce a p l o t  8 i n c h e s  long ,  o r  

b .  ,IS, would produce a p l o t  i n  which each  p o i n t  w a s  spaced  

by 5 s t e p s  (100ths  of an i nch )  on t h e  X a x i s .  

( 5 )  The f i f t h  pa rame te r  is e x a c t l y  ana logous  t o  t h e  f o u r t h ,  b u t  

i t  r e f e r s  t o  t h e  Y dimension.  
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NOTE: By s p e c i f y i n g  an  i n t e g e r ,  as i n  a ,  t h e  p l o t  is inde-  

pendent of  t h e  a b s o l u t e  magnitude of t h e  d a t a .  S p e c i f y i n g  an  incremented 

f a c t o r ,  as i n  b ,  makes t h e  p l o t  a b s o l u t e l y  dependent on t h e  magnitude 

of t h e  data. A t  p r e s e n t ,  an  i n t e g e r  can  on ly  s p e c i f y  i n c h e s ,  n o t  p a r t s  

of  a n  inch.  

6 .  Chi Square-N by N 

There are many c h i  s q u a r e  tests. The method used by t h i s  program 

is taken from R. A. F i s h e r ,  S t a t i s t i c a l  Methods f o r  Research Workers, 

Chapter  I V ,  ( s e e  b i b l i o g r a p h y ) .  The fo l lowing  e x c e r p t  from t h i s  

c h a p t e r  d e s c r i b e s  t h e  use  of t h i s  program. 

"It should  b e  no ted  t h a t  t h e  methods employed i n  t h i s  c h a p t e r  

are not  des igned  t o  measure t h e  degree  of a s s o c i a t i o n  between one 

c l a s s i f i c a t i o n  and a n o t h e r ,  bu t  s o l e l y  t o  test whether  t h e  observed 

d e p a r t u r e s  from independence are o r  are n o t  of a magnitude a s c r i b a b l e  

t o  chance.'' 

I npu t  

Data i s  e n t e r e d  s t a r t i n g  i n  s t a c k  c e l l  0. It may b e  e n t e r e d  row 

by row, o r  column by column. 

Execute Command 

"Zn,m;" where n is  t h e  number of rows and m is  t h e  number of 

columns, assuming t h e  d a t a  has  been i n p u t  row by row. Otherwise n is 

t h e  number of  columns and m t h e  number of rows. 

o u t p u t  

Three va lues  are o u t p u t :  

(1) Degrees of freedom 

(2)  Chi squa re  

(3) P r o b a b i l i t y  of independence a s s o c i a t e d  w i t h  t h e  above. The 

t a b l e  used f o r  computing t h e  p r o b a b i l i t y  of independence is  on t h e  

fo l lowing  page (Table  1). 
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7.  Mean and Standard Devia t ion  

Example of use  : 

"vu 1, 300, 301;" 

The above command computes t h e  mean and s t a n d a r d  d e v i a t i o n  of t h e  

v a l u e s  i n  v e c t o r  1. Leave mean i n  l o c a t i o n  300, s t a n d a r d  d e v i a t i o n  i n  

301. 

CX 
n Mean = - 

2 2 nCx -(Ex) 
n (n-1) Standard Devia t ion  = 

8. "Student ' s " ( F i s h e r ' s )  T-Tes t  

Example of use :  

"VT 1, 2;"  

Using t h e  va lues  found i n  v e c t o r s  1 and 2 ,  t h e  r o u t i n e  computes 

t h e  appropr i a t e  T va lue  ( s e e  next  page ) ,  s e a r c h e s  t h e  p r o b a b i l i t y  

t a b l e  (Table 2)  f o r  t h e  cor responding  P v a l u e ,  and types  ou t  T ,  P and 

N .  

The S t u d e n t ' s  T - T e s t  is  a measure of t h e  s i g n i f i c a n c e  between two 

means. It is designed t o  t a k e  small popu la t ions  i n t o  account ,  a l though 

i t  works e q u a l l y  w e l l  f o r  l a r g e  popu la t ions .  

The p r o b a b i l i t y  t a b l e  c o n s i s t s  of a s t o r e d  ma t r ix  2 8  by 1 2 .  I f  N 

is  28 o r  g r e a t e r ,  i t  is  assumed t o  be i n f i n i t y .  Smal le r  va lues  of 

N each have 12  e n t r i e s  i n  t h e  t a b l e .  There is a s l i g h t  d i s c o n t i n u i t y  

between N of 27 and 28. 

A l a r g e  P va lue ,  i .e . ,  a va lue  approaching 1 i n d i c a t e s  t h a t  t h e  

means of t h e  two popu la t ions  are s imilar .  A s m a l l  P v a l u e ,  .05 o r  less, 

r e p r e s e n t s  a 95 pe rcen t  p r o b a b i l i t y  t h a t  t h e  means are d i f f e r e n t .  

L, 
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The fo l lowing  exp lana t ion  i s  taken from F i s h e r ' s  S t a t i s t i c a l  

Methods f o r  Research Workers, page 122 ( s e e  b ib l iog raphy) .  

Comparison of Two Means 

" I n  exper imenta l  work i t  i s  even more f r e q u e n t l y  necessa ry  t o  test 

whether  two samples d i f f e r  s i g n i f i c a n t l y  i n  t h e i r  means, o r  whether  

t hey  may be regarded as belonging t o  t h e  same popu la t ion .  In t h e  

l a t t e r  case any d i f f e r e n c e  i n  t rea tment  which they may have r ece ived  

w i l l  have shown no s i g n i f i c a n t  e f f e c t .  

I f  xl ,  x 2 ,  . . ., x + I and x l l ,  x12, . . ., x' + I be  two 
1 "2 n 

s a m p l e s ,  t h e  s i g n i f i c a n c e  of t h e  d i f f e r e n c e  between t h e i r  means may b e  

t e s t e d  by c a l c u l a t i n g  t h e  fol lowing s t a t i s t i c s :  

S(X') 9 S ( x ) ,  x '  = - I - I - 
x = -  

nl+ I n2+ I 

- 2  - 
S(x - x > *  + S ( X '  - x') s2  = - 

"lh2 

I 

- -  (nl+ I ) ( n 2  + 1) x - x' 
n +n +2 1 2  

t "  
S 

n = n1 + n2 

The means are c a l c u l a t e d  as usua l ;  t h e  s t a n d a r d  d e v i a t i o n  i s  

es t ima ted  by pool ing  t h e  sums of squares from t h e  two samples and 

d i v i d i n g  by t h e  t o t a l  number of the degrees  of freedom c o n t r i b u t e d  by 

them; i f  u were t h e  t r u e  s t anda rd  d e v i a t i o n ,  t h e  v a r i a n c e  of t h e  
2 2 + I ) ,  of t h e  second mean f i r s t  mean would be  

t h e r e f o r e  t h a t  of t h e  d i f f e r e n c e  would be  u 2  I / ( n l  + 1) + I / (n2  + I); 
t 

u I(n 1 u / (n2  + I ) ,  and 

- -  
i s  t h e r e f o r e  found by d i v i d i n g  x - x '  by i t s  s t a n d a r d  e r r o r  as 

e s t i m a t e d ,  and t h e  e r r o r  of t h e  e s t ima t ion  i s  al lowed f o r  by e n t e r i n g  

t h e  t a b l e  wi th  n e q u a l  t o  t h e  number of degrees  of freedom a v a i l a b l e  
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c 

for estimating s ;  that is  n = n + n It  is  thus possible  t o  

extend "Student's1' treatment of t h e  error of a mean t o  the comparison 

of the means of two samples." 

1 2 '  
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111. FLOATING POINT ROUTINES 

1. Background 

The p r e s e n t  (1966) v e r s i o n  of t h e  f l o a t i n g  p o i n t  r o u t i n e s  improves 

on t h e  p a s t  (1965) v e r s i o n  i n  speed ,  accu racy ,  and o p e r a t i o n s .  The 

a d d i t i o n a l  f e a t u r e s  which have been added are: 

a. A round o f f  procedure (used i n t e r n a l l y ) .  

b .  I n c l u s i o n  of s u b t r a c t  i n t e g e r  and squa re  r o o t  o p e r a t i o n s .  

c. D i r e c t  e n t r y ,  i . e . ,  jump 1000. 

The only i n c o m p a t i b i l i t y  w i th  t h e  p rev ious  (1965) v e r s i o n  is  

conta ined  i n  t h e  d i r e c t  e n t r y .  This  can be remedied by e i t h e r  

e l i m i n a t i n g  t h e  t h r e e  i n s t r u c t  i ons  e n t r y  r equ i r ed  i n  programs us ing  t h e  

o l d  ve r s ion  o r  by m e r e l y  changing t h e  f i r s t  f o u r  i n s t r u c t i o n s  i n  t h e  

p re sen t  f l o a t i n g  p o i n t  r o u t i n e s  t o :  ADD 1445, STC 1 7 ,  CLR, NOP. 

L i s t i n g  2 a t  t he  end of  t h i s  s e c t i o n  shows t h e  coding involved  i n  

t h e  r o u t i n e s  themselves .  

2 .  Codes and Opera t ions  

0 .  

1. 

2 .  

3 .  

4 .  

5. 

6.  

7.  

10.  

11. 

1 2 .  

13.  

S q r t  

Cla 

Add 

Com 

Mu1 

Faclop 

Op / Fac 

I + Fac 

I x Fac 

Fac / I  

I /Fac 

Fix 

Compute t h e  s q u a r e  r o o t  of t he  va lue  i n  

operand. Leave i n  FAC. 

Clear and add ( load )  operand i n t o  FAC. 

Add operand t o  FAC. 

Complement operand;  l e a v e  i n  FAC. 

Mul t ip ly  operand by FAC; r e s u l t  i n  FAC. 

Divide t h e  Fac by t h e  operand;  r e s u l t  i n  Fac. 

Divide t h e  operand by t h e  Fac; r e s u l t  i n  Fac. 

Add an i n t e g e r  operand t o  t h e  FAC. 

Mul t ip ly  an i n t e g e r  operand by t h e  Fac. 

Divide t h e  Fac by an i n t e g e r  operand. 

Divide an i n t e g e r  operand by t h e  Fac. 

Convert Fac t o  an i n t e g e r ;  l eave  i n  LINC 

accumulator .  
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14.  

15.  

16 .  

17.  

20. 

21. 

22. 

23. 

24. 

25. 

26. 

F l o a t  Convert  a n  i n t e g e r  t o  a f l o a t i n g  

l e a v e  i n  Fac. 

C l r  Clear Fac and operand.  

Max Compare s i z e  of  operand w i t h  Fac 

i n  Fac. 

p o i n t  word; 

l a r g e r  l e f t  

Min 

I n c r  

Sub 

S t o  

SSP 
Ssm 

Fac-I 

Compare s i z e  of  operand w i t h  Fac;  smaller l e f t  

i n  Fac. 

Check t h e  s i g n  of t h e  operand;  depending on 

whether  i t  is p o s i t i v e , n e g a t i v e  o r  z e r o ,  

l e a v e  i n  the LINC accumulator  +1, -1 o r  ze ro .  

Add Fac t o  operand and s t o r e  i n  operand;  i . e . ,  

add t o  memory. 

S u b t r a c t  operand from Fac; l e a v e  r e s u l t  i n  Fac. 

S t o r e  Fac i n  operand;  a l s o ,  leave i n  Fac. 

S e t  s i g n  of operand p o s i t i v e ;  leave i n  Fac. 

S e t  s i g n  of operand minus; l e a v e  i n  Fac. 

S u b t r a c t  i n t e g e r  operand from Fac. Resu l t  i n  

Fac. 

3. The F l o a t i n g  P o i n t  Format 

The use of double  p r e c i s i o n  f l o a t i n g  p o i n t  a r i t h m e t i c  seems 

e s s e n t i a l  i f  t h e  L I N C  i s  t o  serve as a s t a t i s t i c a l  p rocesso r .  I n  u s i n g  

t h i s  t ype  of a r i t h m e t i c ,  t h e  programmer t r a d e s  speed and space  f o r  ease 

i n  d e a l i n g  wi th  l a r g e  numbers. 

t o  w r i t e  and debug may become r a t h e r  t r i v i a l  u s i n g  t h e s e  r o u t i n e s  

( s e e  mean and S.D.  example).  

Programs which are extremely l a b o r i o u s  

A. Form of double  p r e c i s i o n  f l o a t i n g  p o i n t  number: 

Sign S i y  bif IL bit D 

C I  I I I l l  I I I I  I 1  
I I 

Exponent High Order  Low Order 

Mant i s sa  

The number above r e p r e s e n t s  t h e  i n t e g e r  5 a f t e r  i t  h a s  been f l o a t e d .  

2 3  



B. F l o a t i n g  an i n t e g e r  i nvo lves  s h i f t i n g  t h e  number r i g h t  a c r o s s  

t h e  b inary  p o i n t  u n t i l  i t  is a f r a c t i o n ,  and then  count ing  t h e  number 

of  s h i f t s  t o  make up t h e  exponent.  I n  t h e  above c a s e ,  5 = 101.000 i n  

b ina ry .  Three s h i f t s  r i g h t  produce 000.101. S ince  t h e  b i n a r y  p o i n t  

is always l o c a t e d  between b i t s  2 3  and 2 2 ,  t h e  f l o a t i n g  p o i n t  number 

con ta ins  101  i n  b i t s  2 2 ,  2 1  and 2 0 .  The exponent e q u a l s  3 .  Another 

way of r e p r e s e n t i n g  t h i s  b ina ry  number i s  . l o 1  x 2 . 3 

C. Normalized f l o a t i n g  p o i n t  numbers always c o n t a i n  t h e i r  most 

s i g n i f i c a n t  b i t  i n  b i t  2 2 .  The above number could  be r ep resen ted  i n  

an  unnormalized mode, such  as .010 x 2 . But i t  is never  r e p r e s e n t e d  

t h i s  way i n  t h e  f l o a t i n g  p o i n t  r o u t i n e s ,  s i n c e  t h i s  would waste 

4 

n 

p r e c i s i o n  out a t  t h e  r i g h t  end. I n  i t s  normalized mode, . l o 1  x 2 ' ,  

t h e  number c o n t a i n s  23 b i t s  of p r e c i s i o n .  This  corresponds t o  more 

than  7 decimal  d i g i t s .  

D. F ix ing  a f l o a t i n g  p o i n t  number is  t h e  r e v e r s e  of t h e  f l o a t .  

It is  s h i f t e d  l e f t  a c r o s s  t h e  b ina ry  p o i n t  u n t i l  t h e  exponent equa l s  

ze ro .  T h e  f r a c t i o n a l  p a r t  remaining,  i f  any,  i s  e i t h e r  d i sca rded  o r  

used fo r  rounding o f f  t h e  i n t e g e r .  

E. Negat ive numbers are r ep resen ted  as t h e  one ' s  complement 

of p o s i t i v e  numbers a s  i n  s t a n d a r d  L I N C  i n t e g e r s .  The mantissa (h igh  

and low o r d e r  words) i s  mere ly  complemented. Note t h a t  t h e r e  is no 

s i g n  b i t  i n  t h e  low o r d e r  word. 

F. Negat ive exponents  i n d i c a t e  t h a t  t h e  number is less than  one 

and has been s h i f t e d  l e f t  u n t i l  i t  i s  normal ized .  The s i g n  of t h e  

exponent should no t  be confused wi th  t h e  s i g n  of t h e  mant i ssa .  

. l o 1  x 2-3 i s  no more a nega t ive  number than  is  5 x 

former t h e  minus exponent i n d i c a t e s  t h a t  i f  t h e  number were f i x e d  i t  

would b e  ,000101. The f l o a t i n g  p o i n t  r o u t i n e s  would g i v e  a z e r o  i f  

reques ted  t o  f i x  t h i s  number. 

I n  t h e  

4 .  Method of Opera t ion  

A .  The two q u a n t i t i e s  i n  a f l o a t i n g  p o i n t  o p e r a t i o n ,  such as 

ADD, are c a l l e d  t h e  F l o a t i n g  Accumulator and t h e  Operand. The former 
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l is  main ta ined  i n  l o c a t i o n s  1120, 1 1 2 1 ,  and 1122. The l a t te r  is  

s p e c i f i e d  i n  t h e  c a l l i n g  sequence. 

B. Opera t ions  c a l l i n g  f o r  an  i n t e g e r  operand expec t  a s t a n d a r d  

L I N C  number, p o s i t i v e  o r  nega t ive .  These o p e r a t i o n s  are inc luded  

s t r i a t l y  t o  save  programming space. The i n t e g e r  is  always f l o a t e d  

b e f o r e  i t  is used. 

C. The FIX o p e r a t i o n  leaves the  i n t e g e r  va lue  i n  t h e  L I N C  

accumulator .  

b i t  f o r  round o f f  purposes .  Numbers l a r g e r  than  3777 o r  smaller than  

.5 are f i x e d  as 3777 and z e r o  r e s p e c t i v e l y .  Negat ive numbers 

s i m i l a r l y  out  of range g i v e  -3777 and -0. 

The las t  b i t * s c a l e d  off  t o  t h e  r i g h t  is  l e f t  i n  t h e  LINC 

D. E r r o r s  such as zero  d i v i s o r s  and n e g a t i v e  squa re  r o o t s  cause  

a jump t o  t h e  end of t h e  o p e r a t i o n  when they  are d iscovered .  The FAC 

may c o n t a i n  garbage a t  t h i s  p o i n t .  

E. Index r e g i s t e r s  12-17 a r e  used by t h e  f l o a t i n g  p o i n t  r o u t i n e s  

and are not r e s t o r e d  at e x i t .  

5. Timing 

The t iming  f o r  t h e  v a r i o u s  ope ra t ions  w a s  computed by running  

through each o p e r a t i o n  1000 times. Va lues  w e r e  chosen which r ep resen ted  

t h e  wors t  case. For example: f l o a t i n g  1 r e q u i r e s  some 4.5 m i l l i -  

seconds ; whereas ,  f l o a t i n g  1000 requires about .5 mil l i s econds .  The 

v a r i a t i o n  i n  t h e  speed of t h e  o t h e r  o p e r a t i o n s  i s  much less,  about  1 o r  

2 m i l l i s e c o n d s .  

ADD 4.5 mi l l i s econds  

F l o a t  4.5 mi l l i s econds  

Mu1 t i p l y  9 mi l l i s econds  

Divide 27  mi l l i s econds  

Fix 1 mi l l i s econd  

6 .  Parameters  and Use 

A. I n s t r u c t i o n  Format 
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4 

The format a t  t h e  r i g h t  r e p r e s e n t s  a series 

of i n s t r u c t i o n s  i n s e r t e d  i n  any s t a n d a r d  L I N C  program. 

Execution of f l o a t i n g  p o i n t  o p e r a t i o n s  starts w i t h  Jmp 1000 

each 

(See 

las t  

dard  

operand 
ope r a t  i on t h e  e n t r y ,  Jmp 1000. Two parameters  are r e q u i r e d  f o r  

f l o a t i n g  p o i n t  o p e r a t i o n  fo l lowing  t h e  e n t r y .  operand 

below f o r  parameter d e s c r i p t i o n . )  A f t e r  t h e  o p e r a t i o n  
operand 

parameter codes are aga in  i n t e r p r e t e d  as s t a n -  ope r a t i o n  

LINC i n s t r u c t i o n s .  

B. The operand s p e c i f i c a t i o n  i s  an  addres s .  

(1)  D i rec t  addres s .  The code 300, as an operand,  is i n t e r -  

p r e t e d  by t h e  f l o a t i n g  p o i n t  r o u t i n e s  as t h e  address  of  t h e  va lue  

r equ i r ed  i n  t h e  o p e r a t i o n .  I f  t h e  o p e r a t i o n  r e q u i r e s  an i n t e g e r ,  on ly  

t h e  va lue  i n  l o c a t i o n  300 i s  picked up. I f  t h e  o p e r a t i o n  expec t s  a 

f l o a t i n g  p o i n t  number t h e  va lues  i n  l o c a t i o n s  300, 301 and 302 are 

picked up. They are assumed t o  be i n  t h e  normalized f l o a t i n g  p o i n t  

mode s p e c i f i e d  p rev ious ly .  

(2)  I n d i r e c t  addres s .  The code 4300 r e f e r s  t o  a v a l u e  whose 

addres s  i s  i n  l o c a t i o n  300. The 4000 b i t  i n  t h e  operand always 

i n d i c a t e s  an i n d i r e c t  addres s .  Any l o c a t i o n  may be  used as an i n d i r e c t  

addres s .  T h i s  d i f f e r s  from the  r e s t r i c t i o n  i n  s t a n d a r d  L I N C  codes of 

u s ing  only index r e g i s t e r s  f o r  i n d i r e c t  addres s ing .  

( 3 )  Zero. A z e r o  operand r e f e r s  t o  t h e  f l o a t i n g  accumulator .  

Hence, i n  o r d e r  t o  s q u a r e  a number i n  t h e  FAC one need only s p e c i f y  a 

ze ro  operand and t h e  mul t ip ly  o p e r a t i o n ,  4 .  

C. Opera t ions  

The o p e r a t i o n  codes wi th  t h e i r  d e s c r i p t i o n s  are l i s t e d  on 

page 22. 

series ( s e e  example).  When t h e  4000 b i t  is  absen t  from an o p e r a t i o n  

code the  subsequent  l o c a t i o n  w i l l  be  executed  as a s t a n d a r d  L I N C  

i n s t r u c t  i on .  

The 4000 b i t  i n  t h e  o p e r a t i o n  code i n d i c a t e s  a con t inu ing  
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There are 27 ope ra t ions  a v a i l a b l e  i n  t h e  f l o a t i n g  p o i n t  rou- 

t i n e s .  

FIX,  and FLT. 

o f  t i m e  and space  i n  programming f l o a t i n g  p o i n t  o p e r a t i o n s .  

Most of t h e s e  are m e r e l y  permutat ions of t h e  ADD, MUL, D I V ,  

Used j u d i c i o u s l y  t h e s e  permuta t ions  save a g r e a t  d e a l  

The squa re  r o o t  r o u t i n e  i s  inc luded  because i t  has  been 

found q u i t e  u s e f u l .  

D. Example: On t h e  fol lowing page can be found a program f o r  

computing t h e  mean and s t anda rd  d e v i a t i o n  of t h e  numbers i n  l o c a t i o n s  

2000-3777 ( l i s t i n g  1 ) .  The formula used f o r  t h i s  program i s :  

R e g i s t e r s  A and B ,  ( l o c a t i o n s  400-405) are used f o r  s t o r i n g  

r e s p e c t i v e l y  the  sum and t h e  sum of squa res .  

s t o r i n g  t h e  r e s u l t s ,  t h e  mean and s t anda rd  d e v i a t i o n  a t  t h e  end. 

They are a l s o  used f o r  
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TITLE---EXAMPLE; 

1 
1 

400 
401 
402 
403 
404 
405 
406 SETil 
407 2000 
410 JMP 1000 
411 400 
412 4015 
413 403 
414 15  
415 JMP 1000 
416 4001 
417 4014 
420 400 
421 4021 
422 4001 
423 4014 
424 0 
425 4004 
426 403 
427 21  
430 LDAi 
431 1 
432 ADM 
433 2 
434 SAEi 
435 -3711 
436 JMP 415 
437 JMP 1000 
440 407 
441 4010 
442 403 
443 4023 
444 400 
445 4001 
446 0 
447 4004 
450 0 
451 4003 
452 403 
453 4021 
454 407 
455 4014 
456 431 
457 4026 
460 407 
461 4010 
462 403 
463 4006 
464 0 
465 4000 
466 403 
467 4023 
470 400 
471. 4001 
& f 2  407 
473 4011 
474 400 
475 23 

3 
1 
3 
1 
3 
3 
1 
1 
i 
1 
1 
3 
3 
1 
1 
J 
J 

3 
1 
1 
I 
3 
3 

* L 

R e g i s t e r  A 

R e g i s t e r  B 

S t a r t  

Clear A 

Clear B 

F l o a t  I n t e g e r  

Add t o  Memory - R e g i s t e r  A - Sum 

F l o a t  I n t e g e r  

Square 

Add t o  Memory - R e g i s t e r  B - Sum of Squares 

Increment and Check for End 

G o  t o  Next I n t e g e r  

Cx2 N (2000) 

S t o r e  i n  B 

Clear and Add Cx 

Square 

Complement 

Add t o  Memory - B 

F loa t  N (2000) 

S u b t r a c t  1 

Times 2000 

Divide i n t o  B 

Square Root 

S t o r e  i n  B - S.D. 

Clear and Add Cx 

Divide by N (2000) 

S t o r e  - Mean LISTING 1 
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TITLE--- FLT 
I n n 0  CLR 
1 0 n l  ADD 8 
1 8 8 2  ADD 1445 
I n 8 3  STC 17  
1cr1014 S E f t l 3  
Inn5 1 1 2 1  
1@@6 S E T t l 4  
18417 1 1 2 2  
1010 S E T t l 5  
1 n 1 1  1 1 2 4  
19112 SETt16  
1 8 1 3  1125 
1 8 1 4  L D A t l 7  . 
1 9 1 5  A Z E t  
1016 ADD 1 0 3 2  
1 0 1 7  APOt 
1 0 2 0  JMP 1 @ 2 5  
1 0 2 1  B C O t  
1 0 2 2  - 1 7 7 7  
1 8 2 3  STC 1 0 2 4  
1 n24 
1 8 2 5  STAT 
1 8 2 6  GI 
I n 2 7  STC 1 2  
1 @ 3 8  L D A t  17 
1 0 3 1  f?OLtl 
1@32 A D A t  
10133 - 3 6 7  
In34 STC 1 0 4 5  
1c135 R O L t l  
I n 3 6  STC 1047 
1 0 3 7  L D A  1 2  
184m STC 1 1 2 3  
l e 4 1  L D A t  12 
1 @ 4 2  STC 1124 
19143 LDAt12 
1044 STC 1 1 2 5  
1 0 4 5  
I n 4 6  S R O t  
I n 4 7  c1 
1915GI JMP 1814 
I n 5 1  STC 1 0 4 5  
1652 ADD 17 
1653 ADA? 
19154 - 1 7 7 6  
In55 STC 1057 
1 0 5 6  ADD 1 8 4 5  
1 GI57 
l a 8  CLR 
It36 1 ADD 1123 
l a 2  STA 15 
1 8 6 3  SCR 1 3  
10164 STC 1125 
1 % 5  ADAt 
1 % 6  1 3  
1 0 6 7  STC 1 1 2 3  
1 8 7 0  ADD 0 
1 0 7 1  STC 1 0 7 3  
14172 JMP 1500 
1 8 7 3  HLT 
1 0 7 4  JMP 1 5 3 2  
1 8 7 5  JMP 1 8 7 2  
1 @ 7 6  ADD 1 1 2 0  
1077 AZE 

i 

1 I 
1 

LISTING 2 

The F loa t ing  Po in t  Package 
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ll0Cl APOt 
llBI JMP 1185 
11B2 LDA 13 
lln3 SCRtl4 
11@4 JMP la46 
11@5 ADD 1277 
1 l@d APOT 
11a7 JMP 1737 
1 l l @  COM 
1 1 1 1  ADD 1423 
1112 STC 1116 
1113 ADD 1122 
1114 ROLtl 
1115 LDA 13 
1116 
1117 J M P  le46 
1126 
1121 
1122 
1123 
1124 
1125 
1126 
1127 
113B 
1131 
1132 
1133 SET 12 
1134 c1 
1135 LDA 15 
1136 RCO 13 
1137 SCRtl4 
114c1 L O A  15 
1141 LZE 
1142 JMP 1174 
1143 SCRtl4 
1144 ADD 1120 
114s COM 
1146 ADD 1123 
1147 L Z E  
115c1 COM 
1151 AZE 
1152 JMP 1174 
1153 CLR 
1 1  54 J M P  1150 
1155 HLT 
1156 SET 12 
1157 0 
116c1 LDA 13 
1 1 6 1  COY 
1162 ADA 15 
1163 AZE 
1164 J M P  1174 
1165 LDA 14 
1166 STC 1172 
1167 LDA 16 
1176 COM 
1171 L A M ?  
1172 
1173 RORtl 
1174 APOt 
1175 XSKTl2 
1176 CLR 
1177 JMP 12 

1 . 

LISTING 2 (cont.) 
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12@8 CLR 
12n1 ADD 0 
1282 STC 1252 
12413 LDA IS 
1204 A Z E t  
1285 JMP 1252 
1286 LDA 13 
1207 A Z E t  
1210 JMP 1251 
1211 JMP 1474 
1212 STC 1236 
1213 ADD 112m 
1214 COM 
1215 ADD 1123 
1216 A Z E t  
1217 JMP 1233 
1220 APOt 
1221 JMP 1224 
1222 STC 12 
1223 JMP 1227 
1224 COM 
1225 STC 12 
1226 JMP 1730 
1227 JMP 1517 
123@ XSKtl2 
1231 JMP 1227 
1232 JMP 1650 
1233 JMP 1604 
1234 JMP 1474 
1235 S R O t  
1236 Cl 
1237 JMP 1250 
1248 APOt 
1241 JMP 1258 
1242 L D A  13 
1243 ROLtl 
1244 L D A  15 
1245 RORtl 
1246 JMP 1522 
1247 JMP 1650 
1258 JMP 1070 
1251 JMP 1557 
1252 
1253 JMP 1474 
1254 STC 1674 
1255 JMP 1632 
1256 JMP 1550 
12,57 JMP 1625 
1260 ADD 1120 
1261 ADD 1126 
1262 STC 1126 
1263 SETTI2 
1264 -14 
1265 CLR 
126 6 SRO 
1267 1130 
1278 JMP 1684 
1271 L D A  15 
1272 RORtl 
1273 JMP 1522 
1274 XSKtl2 
1275 JMP 1265 

1277 -13 
1276 SET912 LISTING 2 (cont.) 31 



1390 
1 3 m  
1392 
13413 
13m4 
1385 
13% 
1387 

C L  R 
S RO 
1127 
JMP 1604 
L D A  15 
RORt 1 
JMP 1522 
X S K t  12 

13141 JMP 
1311 L D A  
1312 1126 
1313 STC 
1314 JMP 
1315 JMP 
1316 JMP 
1317 
1328 JMP 
1321 STC 
1322 JMP 
1323 JMP 
1324 JMP 
1325 JMP 
1326 JMP 
1327 JMP 
1338 JMP 
133 1 JMP 
1332 JMP 
1333 JMP 
1334 JMP 
1335 JMP 

1337 COM 
1340 ADD 
1341 5TC 

1336. ADD 

300 

123 
6 58 
97 0 
673 

47 4 
67 4 
6 32 
505 
0 46 
156 
331 
5 58 
335 
738 
517 
6 5 8  
73m 
6 16 
123 

120 
126 

1342 
1343 
1344 
1345 
1346 
1347 
1358 
1351 
1352 
1353 
1354 
1355 
1356 
1357 
136@ 
1361 
1362 
1363 
1364 
1365 
1366 
1367 
1370 
137 1 
1372 
1373 
I374 
1375 
1376 
I377 

STC 1131 
STC 1132 
SET? 12 
113n 
XSKT 12 
JMP 16@4 
JMP 1604 
JMP 1557 
JMP 1578 
L D A  13 
APO 
JMP 1367 
L D A  12 
BCO f 
-3777 
STA 12 
JMP 1616 
S RO 
1360 
JYP 1376 
JMP 1347 
AZE 
JMP 1363 
BCO 14 
&ZEt 
A PO 
JMP 1363 
JMP 1356 
SROt 
2525 
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1460 JMP 1346 
1401 LDA 12 
1402 STC 1125 
14133 ADD 1131 
1404 ROR? 1 
1405 JMP 1522 
14% JMP 1311 
1407 
1418) JMP 1557 
1411 JMP 1744 
1412 JMP 1557 
1413 JMP 1046 
1414 JMP 1200 
1415 JMP 1846 
1416 JMP 1616 
1417 JMP 1412 
1420 JMP 1253 
142 1 

3 
3 
3 
1 

1422 JMP 1320 
1423 36@ 
1424 JMP 1730 
1425 JMP 1320 
1426 JMP 1W0 
1427 JMP 1414 
14351 JMP 1060 
1431 JMP 1428 
1432 JMP 1060 
1433 JMP 1422 
1434 JMP le0 
1435 JMP 1424 
1436 JMP 1557 
1437 JMP 1076 
1448) JMP 1060 
1441 JMP 1412 
1442 JMP 1625 
1443 JMP 1546 
1444 JMP 1790 
1445 1776 
1446 JMP 1706 
1447 7776 
1459 JMP 1711 
1451 1 
1452 JMP 1200 
1453 JMP 1456 
1454 JMP 1616 
1455 JMP 1414 
1456 JMP 1716 
1457 JMP 1046 
1460 JMP 1632 
1461 JMP 1412 
1462 JMP 1632 
1463 JMP 1416 
1464 JMP 1060 
1465 JMP 1454 
146 6 
1467 
1470 
147 1 
1472 
1473 
1474 L D A  15 
1475 BCO 13 
1476 SCR 13 
1477 JMP 8 

I' 
3 
3 
3 

1 
f 

I 

1 
i 

0 

1 
a 
3 
Lt 
5 

1 
i 
i 
1 

. 



1500 L D A  15 
1501 ROL 1 
1592 BCO 15 
15n3 APO 
1504 JMP 0 
1585 S E T  12 
15% 8 
1507 L D A  15 
1510 M E  
1511 JMP 1515 
1512 BCO 16 
1513 &PO? 
1514 AZE 
1515 XSKtl2 
1516 JMP 12 
1517 CLR 
152@ L D A  15 

1522 STC 1124 
1523 ADD 1125 
1524 RORtl 
1525 STC 1125 
1526 ADD 1451 
1527 ADD 1123 
1530 STC 1123 
1531 JMP 0 
1532 LDA 16 
1533 R O L f l  . 
1534 STA 16 
1535 L D A  15 

1537 STC 1124 
1540 LAM 16 
1541 CLR 
1542 ADD 1447 
1543 ADD 1123 
1544 STC 1123 
1545 JMP B 
1546 JMP 1557 
1547 JMP 1456 
1550 LDA 15 
1551 STC 1127 
1552 L D A  16 
*I553 STC 1130 
1554 ADD 1123 
1555 STC 1126 
1556 JMP 0 
1557 L D A  15 
1560 STC 1121 
1561 L D A  16 
1562 STC 1122 
1563 ADD 1123 
1564 STC 1120 
1565 JMP 0 
1566 ADD 1126 
1567 STC 1123 
1570 ADD 1127 
1571 STC 1124 
1572 ADD 1130 
1573 S T C  1125 
1574 JMP c3 
1575 L D A  13 
1576 STC 1127 
1577 ADD 1122 

1521 S C R t l  

1536 ROLt  1 

1 
1 

3 

i 
1 

8 

LISTING 2 (cont.) 
34 



1600 STC 1130 
16GI1 ADD 1128 
1682 STC I126 
1683 JMP 0 
1604 CLR 
1605 L D A  14 
1606 LAM 16 
1607 L D A  13 
1618 LAM 15 
1611 S T C  1045 
1612 LAM 16 
1613 STC 1045 
1614 LAM 15 
1615 JMP 0 
1616 L D A  16 
1617 COM 
1620 STC 1125 
'1621 ADD 1124 
1622 COM 
1623 STC 1124 
1624 J M P  0 
1625 CLR 
1626 S T C  1123 
1627 STC 1124 
1639 STC 1125 
1631 JMP B 
1632 S E T  12 
1633 0 
1634 L D A  13 
1635 APOt 
1636 JMP 1644 
1637 COM 
1640 STA 13 
1641 LOA 14 
1642 COM 
1643 S T A  14 
1644 L D A  15 
1645 APO 
1646 JMP 16 I6 
1647 JMP 12 
1650 L D A  
1651 GI 
1652 STC 1672 
1653 L D A  15 
1654 SCR 13 
1655 STA 
1656 1664 
1657 L A M  16 
1660 L D A  15 
1661 SCR 13 

, 1662 L A M  15 
1663 B C O t  
1664 0 
1665 APoI 
1666 JMP 1671 

1670 JMP 1522 
1671 CLR 
16 72 
1573 S R O I  
1674 0 
1675 JMP 1616 
1676 JMP 1557 
1677 JMP 1046 

1667 RORtl 

I f a c  - 0 
, 

'4- 

, 

LISTING 2 (c0nt.f 
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1 7 0 8  JMP 1 1 3 3  
1 7 0 1  JMP 1 0 4 6  
1 7 8 2  JMP 1 5 7 5  
1 7 0 3  JMP 1557 
1 7 8 4  JMP 1566 
1 7 0 5  JMP 1 0 4 6  
1 7 W  JMP 1 1 3 3  
1787 JHP 1702 
1 7 1 8  JMP 1046 
1 7 1 1  JMP 1505 
1712 JMP 1 7 1 5  
1 7 1 3  L D A  1 5  
1 7 1 4  S C R  12  
1 7 1 5  JMP 1 0 4 6  
1716 SET 12  
1717 1026 
1 7 2 6  LDA 
1 7 2 1  1 1 2 0  
1722 STA 12 
1 7 2 3  LDA 1 3  
1 7 2 4  STAT12 
1 7 2 5  LDA 14 
1726 STAT12 
1727 JMP 0 
1 7 3 0  LDA 
1 7 3 1  0 
1 7 3 2  STC 1 7 3 6  
1 7 3 3  JYP 1 5 7 5  
1 7 3 4  JMP 1557 
1 7 3 5  JMP 1 5 6 6  
1736 
1737 LDA 1 3  
1 7 4 0  S C R t l 4  
1 7 4 1  B C O I  
1 7 4 2  3777 
1 7 4 3  JWP 1046 
1 7 4 4  ADD 17 
1 7 4 5  STC 14B7 
1746 JMP 1 B @ 0  
1747 5&&44 
1 7 5 0  23 
1 7 5 1  CLR 
1 7 5 2  A D D  1 1 2 0  
1 7 5 3  SCR 1 
1 7 5 4  STC 1 1 2 8  
1 7 5 5  JMP l B 0 0  
1756 1 4 6 6  
1757 4023 
1 7 6 0  1471 
1 7 6 1  4006 
1762 1 4 6 6  
1 7 6 3  4 0 0 2  
1 7 6 4  1777 
1 7 6 5  1 1  
1766 S R O t  
1767 3 5 6 7  
1 7 7 8  JMP 1 7 5 5  
1 7 7 1  ADD 1407 
1 7 7 2  STC 17 
1 7 7 3  LDA 17 
1 7 7 4  APO 
1 7 7 5  JYP 1 0 1 4  
1776 JMP 1 0 5 1  
1777 2 LISTING 2 (cont.) 

36 

~~~ ~~~ ~ 



IV. SUBROUTINES SUITABLE FOR QUESTION-ANSWER 

PROGRAMMING OF THE L I N C  COMPUTER 

Th i s  s e c t i o n  c o n t a i n s  a number of s u b r o u t i n e s  u s e f u l  t o  t h e  L I N C  

programmer i n  c o n s t r u c t i n g  question-answer programs p rov id ing  f o r  

computer-user i n t e r a c t i o n .  The subrou t ines  are i n  symbolic coding 

form, s u i t a b l e  f o r  i n c l u s i o n  w i t h  t h e  programmer's master program, 

and in tended  t o  be  assembled i n t o  LINC code a t  t h e  t i m e  of complete 

program assembly. 

The s u b r o u t i n e s  were wri t ten i n  t h e  LASS assembly language f o r  

use  w i t h  t h e  LOSS o p e r a t i n g  system on t h e  L I N C  (see S e c t i o n  V ) .  

t a k e  care of t h e  t iming  and d a t a  conversion necessa ry  t o  i n p u t  o r  out-  

pu t  a lphanumerics ,  o c t a l  numbers, or  decimal  numbers from o r  t o  a 

t e l e t y p e .  

a Model 33 (unbuffered)  connected t o  t h e  LINC e x t e r n a l  l e v e l  0 f o r  

i n p u t  and r e l a y  0 f o r  ou tput  t o  t h e  t e l e t y p e .  

They 

The t e l e t y p e  used i n  development of t h e s e  s u b r o u t i n e s  is 

Genera l ly ,  s i x  f u n c t i o n s  a r e  implemented: 

(1) 

(2)  

( 3 )  

Alphanumeric c h a r a c t e r  t a b l e  ou tpu t  t o  t e l e t y p e .  

T e l e t y p e  alphanumerics i n t o  a c h a r a c t e r  t a b l e .  

Oc ta l  number i n  t h e  L I N C  accumulator ou tput  t o  t e l e t y p e  and 

typed i n  o c t a l .  

( 4 )  Tele type  i n p u t  of an o c t a l  number t o  an o c t a l  number i n  t h e  

LINC accumulator.  

(5) Octal number i n  t h e  L I N C  accumulator ou tpu t  t o  t e l e t y p e  and 

typed i n  decimal  (12 b i t  o r  24  b i t ) .  

( 6 )  Tele type  inpu t  of decimal i n t e g e r s  conver ted  t o  o c t a l  i n  t h e  

L I N C  accumulator (12 b i t  o r  24 b i t ) .  

C e r t a i n  o t h e r  func t ions  such  a s  RUROUT, l i n e  f e e d ,  c a r r i a g e  

r e t u r n ,  e tc . ,  are inc luded .  

s u b r o u t i n e  d e s c r i p t i o n s  i n  t h i s  r epor t .  

These are a l l  d e t a i l e d  i n  t h e  i n d i v i d u a l  
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Each s u b r o u t i n e  d e s c r i p t i o n  i n c l u d e s :  

(1) S p e c i f i c a t i o n  of t h e  index  r e g i s t e r s ,  i f  any,  t h e  s u b r o u t i n e  

uses .  (The index  r e g i s t e r s  used may b e  used e l sewhere ,  b u t  t h e  con- 

t e n t s  of t h e s e  r e g i s t e r s  is  s u b j e c t  t o  d e s t r u c t i o n  when t h e  program 

e n t e r s  t h i s  s u b r o u t i n e . )  

( 2 )  The e n t r a n c e  t a g .  ( I t  must be d e c l a r e d  "GLOBAL" i n  t h e  

c a l l i n g  program i n  t h e  LOSS system.)  

( 3 )  Other  s u b r o u t i n e s  of t h e  set which may be  c a l l e d  by t h e  

desc r ibed  Subrout ine .  

( 4 )  The number of  l o c a t i o n s  used by t h e  d e s c r i b e d  s u b r o u t i n e .  

( 5 )  A typeout  of t h e  LASS symbolic  coding.  

Since LAP4 has  c e r t a i n  format and assembly l i m i t a t i o n s ,  s e v e r a l  

changes must be made t o  t h e  LASS symbolic  coding. The "GLOBAL" t a g  

d e c l a r a t i o n  has  no f u n c t i o n  i n  LAP4 and must be removed when t h e  cod- 

i n g  i s  i n s e r t e d  i n t o  t h e  LAP4 manuscr ip t .  The "i b i t "  d e s i g n a t i o n  ; 

must be changed t o  i ,  and t h e  ' ' p r e sen t  l i n e "  i n d i c a t o r  . must be 

changed t o  p.  S ince  t h e  LASS assembler  pe rmi t s  t a g s  of  any l e n g t h  

t h e  LASS t a g s  must b e  conver ted  t o  t h e  two c h a r a c t e r  I 'number , le t te r"  

format  and preceded by a I f # "  r a t h e r  t h a n  a comma when dec la red .  

The d e s c r i p t i o n s  t h a t  fo l low r e f e r  t o  t h e  l o c a t i o n  of  t h e  jump 

i n s t r u c t i o n  t o  t h e  s u b r o u t i n e  as 'lcall ' '  and t h e  fo l lowing  l o c a t i o n s  

are " c a l l  + 1 , ' I  "ca l l  + 2".  . . . 
A l l  numbers appea r ing  i n  t h e  d e s c r i p t i o n s  are o c t a l  u n l e s s  o t h e r -  

w i s e  i nd ica t ed .  



1. Subrout ine :  READCHAR 

Index Reg. Used: 0 ,  1 7  

Number of Loca t ions :  43 

Ent rance  Tag: RC 

Other  Subrout ined Cal led :  None 

READCHAR a c c e p t s  one t e l e t y p e  cha rac t e r  and p u t s  t h e  a p p r o p r i a t e  

E n t e r i n g  t h e  READCHAR subrou t ine  a t  t a g  RC code i n  t h e  accumulator .  

i n i t i a t e s  a loop w a i t i n g  f o r  a key to be s t r u c k  on t h e  t e l e t y p e .  

e x i t ,  t h e  h a l f  word code ( s e e  Table  3 a t  t h e  end of t h i s  s e c t i o n )  

r e p r e s e n t i n g  t h e  c h a r a c t e r  w i l l  b e  i n  t h e  r i g h t  h a l f  of t h e  accumulator.  

Con t ro l  is  re tu rned  t o  t h e  main program two i n s t r u c t i o n s  beyond t h e  

jump t o  RC ( c a l l  + 2 ) .  

Upon 

Three excep t ions  e x i s t  t o  t h e  above r u l e s .  S t r i k i n g  t h e  "RUBOUT" 

key causes a 137 t o  b e  l e f t  i n  t h e  accumulator when c o n t r o l  i s  r e t u r n e d  

t o  c a l l  + 2. 

r e t u r n e d  t o  main program a t  t h e  i n s t r u c t i o n  fo l lowing  t h e  jump t o  RC 

(ca l l  + 1) though noth ing  of any s i g n i f i c a n c e  w i l l  be l e f t  i n  t h e  

accumulator .  

A c a r r i a g e  r e t u r n  o r  l i n e  feed  w i l l  cause  c o n t r o l  t o  be 

N o  p r o v i s i o n  has  been made f o r  u s ing  t h e  s p e c i a l  c o n t r o l  keys.  

The symbolic  coding f o r  READCHAR is  g iven  i n  L i s t i n g  3 .  
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**READCHAR** 

GLOBAL RC 
.RC LDA (ENTER HERE) 
0 
STC TERM (HALF) 
XSKSB (WORD CODE) 
ADD Q (IS) 
STC RETN <RETURNED) 

*le* 

JMP.-l 
U R  (RETURNS TO C A L L + l )  
SETS17 (ON CAR. RET.) 
1241 (OTHERWISE CALL+2) 
*PULSE BSEl 
200 ( I 1 7  USED TEMPOR) 
.WAIT XSKl l7  

' SXL 0 ( I N  ACCUM) 

*20> 
JMP.01 (PULSES COME) 
LZE ( I N  ON EXTERNAL) 
JMP GOT (LEVEL 0 )  
R O R l  1 (FROM UNBUFF) 
S f f l  17 (TELETYPE) 
1340 
SXL 0 
.WP WAIT 

(30s  
JMP PULSE 
.GOT XSKS17 (EXTRA) 
JMP.-1 ' (PAUSE) 
R o L l 1  
con 
ADA 3 
27 7 
AZES, 

*40* 
a R  
APO 

SCR 1 (ON CR OR LF) 
aRETN (NORMAL EXIT) 

\ .TERM ( E X I T S  HERE) 

40 
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2. Subrou t ine :  DECOCT 

Index  Reg. Used: 0 

Number of Loca t ions :  55 

Entrance  Tag: DO 

Other  Subrout ines  Cal led :  READCHAK 

DECOCT a c c e p t s  a s t r i n g  of t e l e t y p e  numerics ,  i n t e r p r e t s  them as a 

dec imal  number, and p u t s  t h e  12 b i t  o c t a l  convers ion  i n  t h e  accumulator .  

E n t e r i n g  DECOCT a t  t a g  DO i n i t i a t e s  a loop  w a i t i n g  f o r  a decimal  i n -  

t e g e r  t o  b e  i n p u t  from t h e  t e l e t y p e .  Spaces are ignored .  A minus s i g n  

i s  necessa ry  f o r  n e g a t i v e  quant i i t i es  b u t  t h e  p l u s  s i g n  is  o p t i o n a l .  

The e n t r y  is  cons idered  t e rmina ted  when a c a r r i a g e  r e t u r n  i s  s t r u c k .  

A t  t h i s  t i m e  c o n t r o l  is t r a n s f e r r e d  t o  t h e  main program a t  "ca l l  + 2" 

wi th  t h e  q u a n t i t y  i n  o c t a l  l e f t  i n  t h e  accumulator .  

When a "RUBOUT" o r  o t h e r  non-numeric ( o t h e r  an +- o r  space)  

c h a r a c t e r  is  s t r u c k ,  c o n t r o l  i s  r e tu rned  t o  t h e  main program a t  

" c a l l  + 1." 

No check is made f o r  over f low of t h e  1 2  b i t  L I N C  word. 

The symbolic coding f o r  DECOCT i s  g iven  i n  L i s t i n g  4 .  
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**DECOCT** 

GLOBAL 00 RC 
000 LOA (CONVERTS) 
0 ( A  TYPED DECIMAL)  
STC ERROR ( Q U A N T I T Y )  
XSKS0 (TO A 12 B I T )  
ADD 0 (OCTAL NUMBER) 
STC RETN < I N  ACCUM) 

*10+ 
.MINUS STC F L A G  
.NEXT STC ANS 
&lP RC ( IGNORES SPACES) 
JMP DONE 
AtEf 
JMP.-3 
SHDS (CHECK FOR SIGNS) 
I300 

<20+ 
JMP.06 
SHD f 
1500 
JMP MINUS 
SAES (NORMALLY) 
137 (RETURNS TO) 
JMP*+2 <CALL+2)  
.IMP ERROR (BUT ON) 

<30* 
ADAS ( I N P U T  FORMAT) 
-31 (ERROR I T  E X I T S )  
APOJ (TO C A L L + l )  
,ERROR 800 
ADAS 
I 1  
AZE 
APOJ <USE WITH) 

*40* 
JMP.*2 (READCHAR) 
JMP ERROR (SUBROUTINE) 
STC TEMP 
ADD ANS 
MULS (NO CHECK FOR) 

~ 

12 (OVERFLOW ) 
ADAS I 

*TEMP 

I 

LISTING 4 
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3 .  Subrou t ine  : DBLDECOCT 

Index Reg. Used: 1 5 ,  16 

Number of Loca t ions :  140 

En t rance  Tag: DDO 

Other  Subrou t ines  Cal led:  READCHAR 

DBLDECOCT a c c e p t s  a s t r i n g  of t e l e t y p e  numer ics ,  i n t e r p r e t s  them 

as a decimal number, and p u t s  t h e  24 b i t  o c t a l  conve r s ion  i n  l o c a t i o n s  

"ca l l  + 1" (most s i g n i f i c a n t )  and " c a l l  + 2" ( l e a s t  s i g n i f i c a n t ) .  

Spaces are ignored .  

b u t  t h e  p l u s  s i g n  is  o p t i o n a l .  

when a c a r r i a g e  r e t u r n  is  s t r u c k .  

t o  t h e  main program a t  " c a l l  + 4" with t h e  q u a n t i t y  i n  " ca l l  + 1 and 

ca l l  + 2 . "  

A minus s i g n  is necessa ry  f o r  n e g a t i v e  q u a n t i t i e s  

The e n t r y  i s  cons ide red  t e rmina ted  

A t  t h i s  t i m e  c o n t r o l  i s  t r a n s f e r r e d  

When a "RUBOUT" o r  o t h e r  non-numeric ( o t h e r  t han  + - o r  space)  

c h a r a c t e r s  is  s t r u c k ,  c o n t r o l  is returned t o  t h e  main program a t  

"ca l l  + 3 . "  

No check is  made f o r  overflow of t h e  1 2  b i t  LINC word. 

The symbolic coding f o r  DBLDECOCT is g iven  i n  L i s t i n g  5. 
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GLOBAL OD0 RC 
.OM) LOA (ENTER HERE) 
0 (ACCEPTS A TYPED) 
BCLI (DEC QTY) 
6000 (RETURNS HIGH) 
STC 15 CORDER 12 B I T S )  
XSr ( i0  (TO CALL+l)  

(10* 
X S K t 0 ( L W  TO C U W B  
ADD 8 
STC ERROR 2 

XSKI 0 
ADD 8 
STC RtTN(I1S I16 USEO) 
d4lCSU3 STC FLAG 
STC ANSL 

<28+ 
STC ANSU 
.NEXT STC TEMP1 
STC TEMP2 
JWP RC (SKIPS SPACES) 
J!4P DOIS 
AZES 
JYPm-3 
SHDI (CHECK FOR SIGNS) 

<38+ 
1300 
JMP 0-6 
SHOS 
1588 
JMP NfNUS 
SAL; (NORMALLY 1 < 

131 4IICTURNS TO) 
3MP.+@ (CALL*$) 

(48, 
JMP ERROR (BUT ON) 
AOAI (INPUT FORMAT) 
-31 (ERROR IT E X I T S )  
APOI (CALL*3) 
.ERROR 980 
ADA8 
11 
AZE 

~ 6 0 ,  
.WULT12 CLR 
ADD ANSL 
LAW8 
rTEWP1 
LOA) 
r AWSU 
LAW 1 
rTEWP2 

*7@+ 
STC 0 
LAM 
TEY P 1 
STC 0 
LAM 
TEMP2 
X S K I  16 
J#P MULTl2  

< l B 8 >  
CLR 
ADD TEMP 

TEMP1 
STC B 
LAM 
TEMP2 
STC 0 

Lnu 

LISTING 5 



<120* 
.FLAG 
JMP COWP 
LDA . 
ANSU 
STA 15 
LOA 
M S L  
STAS 15 

e1 38s 
sRETN I 

.COMP LOAS 
rANSL 
COM 
STC ANSL 
ADD ANSU 
can 
STC ANSU 

*140> 
JHP PLAG+2 
*TEMP 
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4 .  Subrout ine  : OCTALIN 

Index Reg. Used: 0 

Number of Loca t ions :  53 

Entrance Tag: OCTIN 

Other Subrout ines  Ca l l ed  : READCHAR 

OCTALIN a c c e p t s  a s t r i n g  o f  t e l e t y p e  numerics ,  i n t e r p r e t s  them as 

a n  o c t a l  number, and p u t s  t h e  octal  number i n  t h e  accumulator .  Enter -  

i n g  OCTALIN a t  t a g  OCTIN i n i t i a t e s  a loop  w a i t i n g  f o r  an  o c t a l  i n t e g e r  

t o  be  input  from t h e  t e l e t y p e .  

Spaces are ignored .  A minus s i g n  causes  t h e  number e n t e r e d  t o  be 

complemented ( t y p i n g  - 136 w i l l  g i v e  t h e  same r e s u l t  as typ ing  7641). 

A p l u s  s i g n  is o p t i o n a l .  The e n t r y  w i l l  be  cons ide red  te rmina ted  when 

a c a r r i a g e  r e t u r n  is  s t r u c k .  A t  t h i s  t i m e  c o n t r o l  i s  r e t u r n e d  t o  t h e  

main program at  "ca l l  + 2" w i t h  t h e  q u a n t i t y  l e f t  i n  t h e  accumulator .  

When a "RUBOUT" o r  any c h a r a c t e r  o t h e r  t han  +, -, 0 ,  1, 2 ,  3 ,  4 ,  5 ,  

6 ,  7 i s  s t r u c k  c o n t r o l  is  r e t u r n e d  t o  t h e  main program a t  "ca l l  + 1." 

No check is  made f o r  over f low of t h e  12 b i t  LINC word. 

The symbolic  coding f o r  OCTALIN is  shown i n  L i s t i n g  6. 
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I .  

I 

**OCTAL I N  * * 
GLOBAL O C T I N  RC 
.OCTIN LOA (ACCEPTS) 
0 < D I G l T S  TYPED I N )  
STC ERROR (AND) 
X S K I 0  kFORMS AN OCTAL)  
ADD 0 
STC RETN (WORD I N )  

*re* 
.MINUS STC FLAG (ACCUM) 
.NEXT STC ANS 
JMP RC 
JnP F I N  
AZEt (IGNORE SPACES) 
alp.-3 
SHDI 
14WJ (CHECK FOR S I G N )  

<20* 
JMPo-6  
SHDt (IVORMALLY RETURNS) 
1508 (TO C A L L + 8 )  
JMP M I W S  (BUT JUMPS) 
S A E I  (TO C A L L + I  ON) 
137 (RUBOUT AND ) 

JWP ERROR ( I N P U T )  

<30* 
ADA) (FORMAT) 
-27 
A P O I  
#ERROR 8800 
ADA; 
7 (USE WITH READCHAR) 
AZE < SUBROUT !NE 1 
APOI 

&lPo+2 (IMPROPER) 

*s0* 
ROR 3 
SRO I 
.FLAG (MINUS FLAG)  
con 
rRETN 

<40* 
JMP.+2 
JMP ERROR (NO CHECK) 
ADA; (FOR OVERFLOU) ~ 

DANS 0088 I 
ROL 3 I 

.MP NEXT (JUMPS) 1 

.FIN LOA <<HERE* ) 
AAlS (ON CAR. RET.)  

LISTING 6 
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Subrout ine :  ALNUMIN 5 .  --- 

Index Reg. Used: 0 ,  15 ,  16 

Number of Loca t ions :  3 4  

Entrance Tag: A N I N  

Other Subrout ines  Ca l l ed :  READCHAR 

ALNUMIN a c c e p t s  a s t r i n g  of  t e l e t y p e  alphanumerics  and p l a c e s  t h e  

a p p r o p r i a t e  codes i n  a d e f i n e d  c h a r a c t e r  t a b l e  i n  LINC core .  

Enter ing  ALNUMIN a t  t a g  A N I N  i n i t i a t e s  a loop  which w a i t s  f o r  

alphanumeric c h a r a c t e r s  t o  be typed i n  and s t o r e s  t h e s e  c h a r a c t e r s  

i n  h a l f  word code ( s e e  Table  3 a t  t h e  end of t h i s  s e c t i o n ) .  These 

codes a r e  s t o r e d  (two p e r  word) i n  c o r e  as des igna ted  by index  

r e g i s t e r  15. Index r e g i s t e r  1 5  should  b e  set t o  t h e  addres s  of t h e  

f i r s t  word of t h e  s t o r a g e  area ( c a l l e d  TABLE i n  sample below) + 3 7 7 7 .  

The f i r s t  c h a r a c t e r  typed  goes i n t o  t h e  l e f t  h a l f  of t h e  f i r s t  word 

of  t h e  s t o r a g e  area; t h e  second c h a r a c t e r  goes i n t o  t h e  r i g h t  h a l f ,  e tc .  

Index r e g i s t e r  16 should  be s e t  t o  t h e  n e p a t i v e  of t h e  maximum number 

of c h a r a c t e r s  i n t ended  f o r  i n p u t .  Leading spaces  are suppressed  d u r i n g  

i n p u t  and need n o t  b e  counted.  

The r o u t i n e  r e t u r n s  t o  t h e  main program at  "ca l l  + 3" when a 

c a r r i a g e  r e t u r n  is  s t r u c k  t o  "ca l l  + 2" when t h e  "KUBOUT" key i s  

s t r u c k ,  and " c a l l  + 1'' when t h e  number o f  c h a r a c t e r s  e n t e r e d  exceeds 

t h e  s i z e  of t h e  t a b l e  as i n d i c a t e d  by index  r e g i s t e r  16.  

The fo l lowing  sample ca l l  p rov ides  f o r  i n p u t  of 12 c h a r a c t e r s :  8 

SET: 15 ,TABLE 0 

TABLE + 3777  0 

SET: 1 6  0 

-12 0 

JMP A N I N  0 

JMP OVERFLOW ( t o o  many c h a r a c t e r s )  

JMP CANCEL ("KUBOUT" key s t r u c k )  
0 

4 8  



I .  

GLOBAL ANIN RC 
.ANIN LDA <ENTER HERE) 
0 (SET I16 TO -MAX N O )  
S f C  MAX (OF CHARACtERS) 
XSKl 0 
ADD 0 
STC RUBOUT 

*le* 
XSKBB (SET IIS TO) 
ADD 0 (YOUR TABLE+3777) 
STC RETN<THE TABLE WILL) 
JWP RC (BE F I L L E D  TWO) 
JMP RETN <CHARS/WORD) 
SAEJ 
137 
a P o + 2  (USE Wfl") 

*ea, 
.RUBOUT 00 ( READCHAR) 
AZEt (SUBROPTINE) 
m p o - 7  
JMP ST 
.NEXT JUP RC 
.RETN (NORUALLY) 
SAEl (RETURNS 10) 
137 (CALL+3 BUT ON) 

*38* 
JMP.+2 (TABLE OVERFLOW) 
JMP RUBOUT ( E X I T  IS T O )  
0ST STHJ1S < C A L L + l )  
XSKt 16 (AND ON RUBOUT) 
JMP NEXT < I T  RETURNS) 
.MAX (TO CALL+2) 
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6 .  Subrout ine : TYPECHAR 

Index Reg. Used: 0 ,  1 2 ,  1 3 ,  14 

Number of Loca t ions :  30 

Entrance Tag:  TC 

Other Subrout ines  Cal led :  None 

Enter ing  TYPECHAR a t  t a g  TC causes  t h e  t y p i n g  of t h e  c h a r a c t e r  

whose half  word code (see Table  3)  is  i n  t h e  accumulator .  I f  one 

wishes to  perform a c a r r i a g e  r e t u r n  o r  l i n e  f e e d ,  t h e  a c t u a l  t e l e t y p e  

code ( see  Table  4 a t  t h e  end of t h i s  s e c t i o n )  must be put  i n  t h e  

accumulator and t h e  s u b r o u t i n e  e n t e r e d  a t  t a g  CRLF. 

I n  e i t h e r  of t h e  above cases  t h e  s u b r o u t i n e  r e t u r n s  t o  t h e  main 

program a t  t h e  i n s t r u c t i o n  fo l lowing  t h e  jump t o  en t r ance .  

The symbolic  coding f o r  TYPECHAR i s  g iven  i n  L i s t i n g  8. 



\ 

**TYPECHOR** 

GLOBAL TC CRLF 
.TC ROL 1 (ENTER HERD) 
C O W  (WITH HALF YORD) 
ADA8 (CODE I N  ACCUH) 
277 
DCRLF SET 12 (CAR RET) 
0 (AND L I N E  FEED) 

SET1 13 (SPECIAL) 
-13 (JMP CRLF WlTH) 
STC TEMP {TTY CODE1 

.TEMP 0 
RORS 1 
STC TEMP 
ROLJ 1 (OUTPUT) 

.NEXT Lon8 (IN ACCUM) 

e e J *  

SET8 14 
1356 t I ! B  I 1 3  1 1 4 ) '  
XSKJ 14 (USED TEMPOR) 
&P.-1 
X S K I  13 
JMP NEXT 
X S K I  13 ( E X T R A )  

ATR (THRU RELAY e )  

LISTING 8 
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7 .  Subrout ine : OCTDEC 

Index Reg. Used: 0 ,  1 2 ,  13 

Number of Loca t ions :  73 

Entrance Tag: OD 

Other Subrout ines  Cal led :  TYPECHAR 

Enter ing  OCTDEC a t  t a g  OD wi th  a q u a n t i t y  i n  t h e  accumulator w i l l  

cause t h a t  q u a n t i t y  t o  be  conver ted  t o  a decimal  i n t e g e r  and typed o u t .  

Negative q u a n t i t i e s  w i l l  be  preceded by a minus s i g n .  The number w i l l  

be  r i g h t  j u s t i f i e d  i n  a fou r  p l a c e  f i e l d  w i t h  ze ro  suppres s ion  c a r r i e d  

up t o  but no t  i n c l u d i n g  t h e  las t  p l ace .  

The subrou t ine  r e t u r n s  t o  t h e  main program a t  t h e  i n s t r u c t i o n  

fol lowing t h e  jump t o  t h e  en t r ance .  

The symbolic  coding f o r  OCTDEC is g iven  i n  L i s t i n g  9.  



**OCtOEC*+ 

GLOBAL OD TC 
000 STC HOLD (CNTER) 

STC RETN ( I N  A C C W )  
STC D I G I T S  
STC D I G I T S * I  
STC OIGITS*2 

ADD e WERE WITH QTY) 

<le* 
STC D I G I T S * 3  
STC D1611S*4 
STC FLAG 
ADD HOLD (USE WITH) 
AZEI (TYPECHAR SUBRTN) 
CLR ( I I e  I 1 3  USCD TEMP) 
APOI 
J W  POS ( I F  NEG COM) 

<20+ 
c o w  (AND) 
STC HOLD 
ADO--& (SET FLAG) 
STC FLAG 
.POS SETII& 
01 G f TS- I 
LDAI 
.HOLD 

* se* 
IS 

.FLAG 
STAI 12 <-FLAG) 
C t R  
ADD DfGfTS*4 
&lP TC 

I ADD DI t3 ITS*3  

I SR08 (CHECK) 
I 

I 

I 

I <68* 
..UP TC 
ADD D I G I T S * 2  
.MP TC 
ADD DIGITS*I 

I S P  TC 
ADD D I G I T S  

I ..MP TC 
8RETN 

<30* 
SET4 13 
I777 
.COW XSKI 13 
ADA3 
-12 
APO 
A t e l  
a4P cow 
<40* 
ADA3 
32 <12*20) 
STAB 12 
LOA 
13 
AZE 
&lP cow-2 
LDAS 

0 

<7@* 
rO1GfTS (THE SUBRTN) 
0 (PUTS THE D I G I T S )  
0 (HERE IN HALF) 
0 (WORD CODE) 
0 

53 
LISTING 9 



8. Subrout ine:  DBLOCTDEC 

Index Reg. Used: 0 ,  15 ,  16 

Number of Loca t ions :  202 

Entrance Tag: DOD 

Other Subrout ines  Cal led :  TYPECHAR 

Enter ing  OCTDEC a t  t a g  DOI) w i th  a 24 b i t  q u a n t i t y  h e l d  i n  l o c a t i o n s  

"call  + 1" (most s i g n i f i c a n t )  and "ca l l  + 2" ( l e a s t  s i g n i f i c a n t )  w i l l  

cause  t h a t  q u a n t i t y  t o  b e  conver ted  t o  a decimal  i n t e g e r  and typed o u t .  

Negative q u a n t i t i e s  w i l l  b e  preceded by a minus s i g n .  

be  r i g h t  j u s t i f i e d  i n  an e i g h t  p l a c e  f i e l d  wi th  z e r o  suppres s ion  

carried up t o  but  no t  i n c l u d i n g  t h e  l a s t  p l ace .  

The number w i l l  

The s u b r o u t i n e  r e t u r n s  t o  t h e  main program a t  l o c a t i o n  " c a l l  + 3 . "  

The symbolic  coding f o r  DBLOCTDEC i s  given i n  L i s t i n g  10. 
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**OBLOCTDEC** 

GLOBAL 000 TC 
.DO0 LOA (ENTER HERE) 
8 (WITH HIGH ORDER) 

6000 (LOJ ORDER I N )  
STC 15 < C A L l * 2 )  
LDA 15 (RETURNS TO) 

e c u w  BITS IN CALL*I> 

*le* 
STC QTYU <CALL+B)  
LDAJ IS<AFTER T Y P I N G )  
STC QTYL ( 7  O I G I T  DEC) 
X S K J 0  (IUU?48ER) 
XSKJ 0 
ADD 0 ( 1 1 5 ~ 1 6  USED) 
STC RETN 
STC FLAG 

*28* 
SET) 16 
D I G I T S - 1  
SET1 15 
-10 
S T A I  16 
xsK3 1s 
JMP.-2 
ADD BTYU (USE U I T H )  

438, 
M E  (TYPECHAR SUBRTN) 
JMP CHKPOS 
ADD BTYL 
At€ 
JMP CHKPOS 
CLR 
STC QTYU ( K I L L  -6 's )  
STC BTYL 

*48* 
JUP POS 
DCNUPOS LDA 
QTY l J  
APO) (IS VALUE POS?) 
rnP POS (YES) 
COM (NO) 
STC BTYU 
ADD e t n  

CS8* 
COM 
STC OTYL(SEND A )  
LDAJ ( -  FLAG TO) 
1 (LOC FLAG BELOY) 

sPOS S E T 1 1 6  
D IG ITS- 1 
.RESET LOA; (SET)  

STC n n e  

<68+ 
7777 (DIW I DE QUOTIENT) 
STC CTRU (COUNTER) 
LDAJ 
7776 
STC CTRL 
r C O W  CLR 
LOA; < I # C R E )  
1 ( D I V I D E  COUWTER) 

4 108, 
STC 0 
LAM 
CTRU 
CLR 
LDAJ ( D I V I D E  BY 12) 
-12 
LAHI 

QTY L 

* I  10, 
LOA3 
7777 
LAM I 
DQTYU 

I STC 0 
I LAM 

1 STC 0 
I WYL 
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1 28, 
LAN 
QTY U 
APOI 
3JlP cow 
AZE 
3MP.*4 
ADD QTYL 
AZE t 

< I 38, 
JMP cow 
CLR (COWER? THE) 
ADD QTYL ( REMAINDER) 
AOAS (TO OCTAL CODE) 
32 
STAS 16 (STORE DXGIT)  
LDA (DONE? ) 
CTRL 

< l 7 0 *  
16 

I XSKS 15 
a4P .-7 
wRETN 
r D l G f T S  0 
DITTO 7 

* I  40, 
STC QTYL 
ADD CTRU 
STA 
QTYU 
Aze 
JWP RESET (#o) 
LOA 
CTRL 

e 1  58, 
AZE 
JMP RESET (No) 
LOA3 
15 
SROS (CHECK FOR) 
.FLAG ( 0  FLAG) 
STAS 16 
SET115 (YES) 

*I  68, 
-re 
SETS 1 6  
DIG I t S + t  
LDA 16 CStWD D I G I T S )  
JUP TC (TO TYPECHAR) 
LDAJ 
- 1  
ADM 

LISTING 10 (Cont .) 
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9 .  Subrout ine :  OCTALOUT 

Index Reg. Used: 0 ,  15 

Number of Loca t ions :  22 

Entrance  Tag: OCTOUT 

Other  Subrout ines  Cal led :  TYPECHAR 

En te r ing  OCTALOUT a t  t h e  t a g  OCTOUT wi th  a q u a n t i t y  i n  t h e  

accumulator  w i l l  cause  t h a t  q u a n t i t y  t o  be typed o u t  as a p o s i t i v e  

o c t a l  i n t e g e r  i n  t h e  range [0000 ... 77771. 

The s u b r o u t i n e  r e t u r n s  t o  t h e  main program a t  t h e  i n s t r u c t i o n  

fo l lowing  t h e  jump t o  t h e  en t r ance .  

The symbolic  coding f o r  OCTALOUT is g iven  i n  L i s t i n g  11. 
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*+OCTALOUT*+ 

GLOBAL OCTOUT TC 
.OCTOUT STC HOLD( ENTER ) 
ADD 8 (HERE WITH) 
STC RETN (OCTAL QTY) 
SET8 IS ( I N  ACCUM) 
7773 
.ROTATE L D A S  

*10+ 
.HOLD (115 USED TCMPOR) 
ROL 3 
STA 
HOLD 
BCLI (USE WITH)  
7770 (TYPECHAR) 
ADA; (SUBROUTINE ) 
20 

420, 
JMP TC 
XSKI  IS 
34P ROTATE 
rRETN 

LISTING 11 
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10. Subrou t ine :  ALNUMOUT 

Index  Reg. Used: 0 ,  1 5 ,  16 

Number of Loca t ions :  10 

En t rance  Tag: ANOUT 

Other  Subrou t ines  Ca l l ed :  TYPECHAR 

E n t e r i n g  ALNUMOUT a t  t a g  ANOUT w i l l  cause  a s e t  of alphanumeric 

c h a r a c t e r s  as de termined  by index r e g i s t e r s  15 and 16 t o  b e  typed o u t .  

Index r e g i s t e r  15 should  be  set t o  the f i r s t  word + 3777 of t h e  set of 

words c o n t a i n i n g  t h e  h a l f  word codes of t h e  c h a r a c t e r s  t o  b e  typed. 

Index r e g i s t e r  16 shou ld  be  set t o  the  n e g a t i v e  of t h e  t o t a l  number of 

c h a r a c t e r s  t o  be typed. 

The s u b r o u t i n e  r e t u r n s  t o  t h e  main program a t  t h e  l o c a t i o n  follow- 

i n g  t h e  jump t o  t h e  e n t r a n c e .  

The symbolic coding f o r  ALNUMOUT is  g iven  i n  L i s t i n g  12. 

The fo l lowing  sample ca l l  provides  f o r  t y p i n g  t h e  c l a u s e  THIS I S  A 

TEST. 

SET; 15 

TABLE + 3777 

SET; 16 

-16 

JMP ANOUT 
0 

0 

0 

,TABLE 6450 (TH) 

5163 (1s) 
0051 ( 1) 

6300 ( S) 

4100 ( A) 

6445 (TE) 

6364 (ST) 
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*+ALNUMOUT** 

GLOBAL ANOUT TC 
.ANOUT LOA (SET I15 TO)  
0 (YOUR YABLE+3777) 
STC RETN (SET 116 TO) 

.MP TC (PUT p1 CHAR/WD) 
XSKJ16 (IN THE TABLE) 

e lm 
JMPo-3 <IN 1/41 Y O  FORM) 
.RE” (USE Y/TYPECHAR) 

LOHJlS (-NO0 OF CHARS) 

LISTING 12 
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11. Subrou t ine  : ENDLINE 

Index Reg. Used: 0 

Number of Loca t ions :  1 2  

En t rance  Tag: EOL 

Other  Subrou t ines  Cal led:  TYPECHAR 

E n t e r i n g  ENDLINE a t  t a g  EOL causes t h e  t e l e t y p e  t o  execute  a 

c a r r i a g e  r e t u r n  and a l i n e  feed.  

The s u b r o u t i n e  r e t u r n s  t o  t h e  main program a t  t h e  l o c a t i o n  follow- 

i n g  t h e  jump t o  t h e  e n t r a n c e .  

The symbolic coding f o r  ENDLINE is  g iven  i n  L i s t i n g  13. 
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**EN DL I NE: ** 
BLOBAL BOC CRLF 
8EOL LQA (ENTER HERE) 
Q (WILL CAUSE A )  
STC RETN <CARR.  RET'.) 
LDAJ <AND L I N E  FEED) 

JUP CRLC 

(10, 
LOA3 (USE WITH) 
353 <THE TYPECHAR) 
J3P CRLF (SUBROUTINE) 

3rs 

0 Rt?N 
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TABLE 3 

C!IAKACTEK 

Blank 
! 

!I 
S 
% 
& 

I 1  

I 

( 
1 * 
+ 

i 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

CODE 

00 
0 1 
02 
0 3  
04 
05 
06 
07 
10 
11 
1 2  
13 
14  
15 
16  
1 7  
20 
21 
22 
2 3  
24 
25 
26 
27 
30 
31 
3 2  
33 
34 
35 
36 
37 

CHARACT E R 
I 

@ 
A 
B 
C 
L) 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 
P 
(2 
K 
S 
T 
U 
V 
W 
X 
Y 
z 

Carr. R e t .  

1. 
+ 

CODE 

40 
4 1  
42 
43 
44 
45  
46 
47 
50 
5 1  
52 
5 3  
54 
55 
56 
57 
60  
6 1  
62 
63  
64 
65 
66 
67 
70 
7 1  
72 
73 
74 
75 
76 
77 

CLR 
AUL) t e le type-code  
CON 
ADA ; 
277 
SCRl 
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TABLE 4 

TELETYPE CODES 

A 175 

B 173 

C 171  

D 167 

E 165 

F 16 3 

G 1 6  1 

I1 15 7 

I 155 

J 1 5  3 

K 1 5 1  

L 147 

M 145 

N 143 

0 1 4  1 

P 137 

Q 135 

R 133 

S 131 

T 12 7 

U 125 

v 123 

W 12 1 

X 1 1 7  

Y 115 

2 113 

64 

20 1 

10 1 

203 

20 5 

10 3 

20 7 

211 

105 

213 

10 7 

111 

243 

245 

24 7 

251 

253 

255 

257 

26 1 

263 

241 

265 

26 7 

271 

273 

275 

1 235 

2 2 33 

3 231 

4 227 

5 225 

6 223 

7 221 

8 2 17 

9 2 I5  

Q 237 

SPACE 277 

RETURN 345 
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V .  THE LOSS SYSTEM 

T h i s  s e c t i o n  p r e s e n t s  a g e n e r a l  d e s c r i p t i o n  of t h e  LOSS system 

d e s c r i b e d  i n  d e t a i l  i n  NASA Technical  Keport No. IKL-1038 ( s e e  

b i b l i o g r a p h y ) .  It  i n c l u d e s  b a s i c  in fo rma t ion  about c e r t a i n  LOSS 

f u n c t i o n s ,  t h e  symbolic assembler  (LASS), and t h e  hand l ing  o f  non- 

LOSS s t r u c t u r e d  d a t a  t a p e s  under LOSS. 

The L I N C  Operat ing System, LOSS, c o n s i s t s  of a b a s i c  c o n t r o l  pro- 

gram ( t h e  monitor)  and a d d i t i o n a l  programs t o  p rov ide  f o r  w r i t i n g  and 

runn ing  programs wi thou t  d e a l i n g  d i r e c t l y  w i t h  t h e  c o n t r o l s  of t h e  com- 

p u t e r  each t i m e  a program is run. Th i s  t ype  of system is  g e n e r a l l y  

r e f e r r e d  t o  as an e x e c u t i v e  system, a monitor  system, an o p e r a t i n g  

system o r  some combination of t h e s e  terms. I n  t h e  case of LOSS t h e  

above f u n c t i o n s  are c a r r i e d  o u t  using t a p e  u n i t  0 ( l e f t  hand t a p e  u n i t )  

f o r  s t o r a g e  of a l l  a b s o l u t e  programs ( t h e  program s t a c k )  and r e s e r v i n g  

t a p e  u n i t  1 f o r  d a t a  s t o r a g e .  

1. ThLLOSS Program Stack and I ts  Index 

The LOSS program s t a c k  i s  made up of t h e  b a s i c  s y s t e m ' s  pro- 

grams t o g e t h e r  w i t h  t h e  programs assembled o n t o  i t  by t h e  i n d i v i d u a l  

u s e r .  Th i s  se t  of programs i s  l o c a t e d  on t h e  micro tape  which, under 

t h e  LOSS system, is  always mounted on t a p e  u n i t  0 ( l e f t  hand t a p e  u n i t ) .  

Each program normally occupies  one o f  77 ( a l l  numbers are i n  o c t a l )  

s t a c k  p o s i t i o n s  on t h i s  t a p e .  A s t a c k  p o s i t i o n  is a 10 block area on 

t a p e .  S t ack  p o s i t i o n  1 c o n s i s t s  of b l o c k s  10-17; p o s i t i o n  2 c o n s i s t s  

of b locks  20-27 . . . p o s i t i o n  77 c o n s i s t s  of blocks 770-777. 

The s y s t e m ' s  programs occupy s t a c k  p o s i t i o n s  10 through 25 

(b locks  100-257). Though t h e r e  are 16 s t a c k  p o s i t i o n s  f o r  t h e  sys t em ' s  

programs only 1 0  programs a c t u a l l y  ex i s t  ( t h e  remaining s t a c k  p o s i t i o n s  

are used as working s t o r a g e  areas and a d d i t i o n a l  program s t a c k  l o c a t i o n s  

needed by some of t h e  sys t em ' s  programs). 

programs merit s p e c i a l  c o n s i d e r a t i o n ;  MONITOR, DEFINE, EDIT and LASS. 

S e v e r a l  of t h e s e  s y s t e m ' s  
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I f  t h e  user s imply i n t e n d s  t o  run  p r e v i o u s l y  w r i t t e n  programs, t h e n  

on ly  an unders tanding  of t h e  Monitor and Define programs are necessa ry .  

An understanding of t h e  E d i t  and Lass programs enab le  t h e  u s e r  t o  w r i t e  

and o p e r a t e  h i s  own programs. 

The b a s i c  set of  sys tem’s  programs on t h e  program s t a c k  a l s o  

inc ludes  s e v e r a l  which could  b e  cons ide red  u t i l i t y  programs; TYPE, 

DISPLAY, and DISTAPE. These are d e s c r i b e d  on pages 16-24 of  t h e  LOSS 

manual. 

2. Monitor (MNTR) 

Though t h e  moni tor  e x i s t s  on t h e  program s t a c k  ( p o s i t i o n  15)  

i n  t h e  same manner a s  a l l  o t h e r  programs, i t  i s  unique i n  t h a t  i t  forms 

t h e  b a s i s  f o r  t h e  whole LOSS system. 

It  is loaded by s e t t i n g  t h e  l e f t  and r i g h t  swi t ches  t o  

0700 0150 (RDC 150) then  l i f t i n g  t h e  DOTOG l e v e r  -- t h e  r i g h t  swi t ches  

are then set t o  0000 and t h e  START KS b u t t o n  i s  pushed. 

The f u n c t i o n s  of t h e  Elonitor are:  (1) t o  accep t  a program 

name (or  number -- see below) and re la te  i t  t o  a program s t a c k  p o s i t i o n ;  

(2)  t o  accept  numeric ( i n  o c t a l )  and alphanumeric  ( s e e  s t r i n g  format )  

parameters  and r e l a y  them t o  t h e  program be ing  c a l l e d  (methods f o r  

accep t ing  t h e s e  parameters  by t h e  u s e r ’ s  program are d i s c u s s e d  i n  t h e  

n o t e s  on t h e  assembler)  ; ( 3 )  t o  read  i n  a d d i t i o n a l  t a p e  b locks  1, 2 ,  3 ,  

4 ,  5 of  t h e  s t a c k  p o s i t i o n  i n t o  q u a r t e r s  1-5 of t h e  memory and jump 

t o  l o c a t i o n  400 t o  beg in  execut ion .  (Quar t e r s  0 and 6 are in t ended  t o  

be  l e f t  undis turbed .  However, s t e p s  can b e  t aken  t o  use  those  q u a r t e r s  

a l s o  -- see LASS below.) ;  (4)  upon complet ion of a program ( a  JNP 

RETURN i n  t h e  program, RETURN is recognized  by t h e  assembler  as a 

reserved w o r d  r e l a t e d  t o  a r o u t i n e  i n  q u a r t e r  0 ) ,  execu t ion  r e t u r n s  t o  

t h e  undis turbed  q u a r t e r  0 which r eads  i n  q u a r t e r s  1-5 o f  t h e  monitor  

which i n  t u r n  r e q u e s t s  a n o t h e r  program ca l l .  

Other  more obscure  t a s k s ,  OVERLAY, PAEWIS, SAVE-RESTORE are 

performed by t h e  q u a r t e r  0 p o r t i o n  of  t h e  moni tor  and are d i s c u s s e d  on 
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pages 39 t o  4 3  o f  t h e  LOSS manual. 

The index  t o  t h e  program s t a c k  r e s i d e s  on b lock  155 of t h e  sys t em ' s  

t a p e  and comes i n t o  c o r e  a long  wi th  t h e  rest of t h e  monitor .  Its 

s t r u c t u r e  is  such t h a t  t h e  moni tor  can e a s i l y  correspond name-parameter 

e n t r i e s  t he reon  t o  a b s o l u t e  program s t a c k  p o s i t i o n s  ( f u r t h e r  e x p l a n a t i o n  

under  Updating t h e  Program Stack  Index) .  I n  i ts  b a s i c  form t h e  program 

s t a c k  index  c o n t a i n s  only  t h e  names of t h e  sys t em ' s  programs. The u s e r  

may update  t h i s  index  u s i n g  t h e  procedure d i scussed  l a t e r  ( i t  i s  n o t  

done a u t o m a t i c a l l y  when assembling a program i n t o  a s t a c k  l o c a t i o n ) .  

S ince  programs can be c a l l e d  by s t a c k  l o c a t i o n  number ( a  parameter  

g iven  a t  assembly t i m e ) ,  i t  is no t  a b s o l u t e l y  necessa ry  t o  update  t h e  

index .  

3.  DEFINE and t h e  Data Tape (Unit  1 )  

Before d i s c u s s i n g  t h e  program DEFINE, used i n  t h e  a l l o c a t i o n  

o f  d a t a  s t o r a g e  areas on u n i t  1, a thorough e x p l a n a t i o n  of t h e  LOSS 

d a t a  s t o r a g e  system must be  made. The micro  t a p e s  upon be ing  marked 

( s e e  Lap 4 manual) are d iv ided  i n t o  1000 ( o c t a l )  b locks  of 400 ( o c t a l )  

words each.  The LOSS system cons ide r s  t h e  1000 b locks  as 10 groups of  

100 b locks  each.  Each group of 100 b locks  i s  c a l l e d  a book. The 

f i r s t  block of each book; 0 ,  100,  200 . . . 700 is re se rved  as a n  

index  f o r  t h a t  p a r t i c u l a r  book. As areas of a book are a l l o c a t e d  us ing  

t h e  DEFINE program ( s e e  below) e n t r i e s  are a u t o m a t i c a l l y  made i n  i ts  

index  c o n s i s t i n g  of a name, a s t a r t i n g  b lock  number, and a l e n g t h .  

These a l l o c a t e d  areas are gene ra l ly  r e f e r r e d  t o  as Tex t s  o r  F i l e s  and 

app ly  only  t o  t a p e  u n i t  1. Examples of t h e i r  use are shown la te r .  

The DEFINE program r e q u i r e s  from t h e  u s e r  (1)  t h e  number of  t h e  

book i n  which h e  wishes  t o  r e s e r v e  s t o r a g e  space ,  ( 2 )  t h e  name t h e  u s e r  

wishes  t o  a s s o c i a t e  w i th  t h e  f i l e ,  ( 3 )  t h e  number o f  b locks  of  space  he 

d e s i r e s  t o  reserve (of  c o u r s e ,  must b e  less than  77 b l o c k s ) .  These 

t h r e e  parameters  must be e n t e r e d  i n  t h e  form o f  a n  alphanumeric  s t r i n g  

( s e e  page 4 of LOSS manual f o r  genera l  d e f i n i t i o n  o f  a s t r i n g ) .  

fo l lowing  is an example of  t h e  use of t h e  DEFINE program. 

The 
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Typed by monitor .  

Program name typed by u s e r  ( & i n d i c a t e s  
c a r r i a g e  r e t u r n ) .  

(-Underline i n d i c a t e s  u s e  of r e s e r v e d  
word o r  symbol.) 

1 STRING>> Parameter  r e q u e s t  typed by monitor .  

-- %"BOOK 4 DEF1N.E TESTDATA 1 6 2  

Semicolon and c a r r i a g e  r e t u r n  by u s e r  
i n d i c a t e s  t h e  end of parameters .  

I n d i c a t e s  s u c c e s s f u l  completion by 
c a l l i n g  f o r  n e x t  program. 

The above example would r e s e r v e  a f i l e  (on t h e  tape  on u n i t  1) 

i n  book 4 ,  w i t h  a l e n g t h  of 16 b locks  which could be r e f e r r e d  t o  i n  some 

o t h e r  program ca l l  by: 

1 4 d  
TE STDATk ,, 

S l a s h  fol lowed by book number. - 

The monitor  system would conve r t  t h e  name and book number 

(us ing  t h e  in fo rma t ion  i n  t h e  book index)  t o  an a b s o l u t e  s t a r t i n g  

b lock  number (somewhere between 401 and 4 7 7 )  and a l e n g t h  (16 i n  t h i s  

c a s e )  and make t h e s e  two o c t a l  parameters  a v a i l a b l e  t o  a u s e r ' s  

program. Reference t h e  s e c t i o n  Accepting Parameters  f o r  programming 

methods f o r  a c c e p t i n g  t h e s e  pa rame te r s  i n t o  a u s e r  program. 

The DEFINE program a l s o  p rov ides  f o r  r e l i n q u i s h i n g  unneeded 

t e x t  ( f i l e s )  space  on u n i t  1. The i n p u t  is a g a i n  a s t r i n g  of t h e  

fol lowing type  : 

c P liOG > > 

J 
-DEFINE 

1 STRING>> 

Program r e q u e s t .  

Program name typed. 

Parameter  r e q u e s t .  
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- %"BOOK -- 4 ERASE TESTDATA2 S t r i n g  e n t r y  made by use r .  

Terminator typed. 

<PROG>> Next program reques ted .  

The p rev ious  example would cause  t h e  DEFINE program t o  go t o  

t h e  book 4 index (b lock  400) and remove the  e n t r y  which i s  r e s e r v i n g  a 

p a r t i c u l a r  set of b locks  i n  t h a t  book under the  name TESTDATA. 

should  be remembered t h a t  i n  n e i t h e r  t h e  d e f i n e  nor  erase mode i s  any 

a c t i o n  taken  on t h e  f i l e  ( t e x t )  i t s e l f  -- only on t h e  p a r t i c u l a r  book 

index  f o r  t h a t  a r e a .  

It 

Seve ra l  d e f i n e s  and/or  e r a s u r e s  can be combined as fo l lows  

when they  r e f e r  t o  t h e  same book. 

<PROG>> 

D E F I N 3  

1 STRING>> 

%"BOOK 4 

ERASE O L D D A T h  

..- DEFINE DATASPACG 

-- 

DEFINE OUTDATA3 

The EDIT program i s  gene ra l ly  used t o  write symbolic programs 

which l a t e r  w i l l  be  converted t o  abso lu te  (machine language) programs 

by t h e  assembler  ( s e e  LASS below). The EDIT program i s  used both  f o r  
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t h e  i n i t i a l  w r i t i n g  of t h e  symbolic  program as w e l l  as l a t e r  c o r r e c t i o n  

and updat ing of t h e  program. 

E d i t  r e q u i r e s  t h a t  a f i l e  be d e f i n e d  t o  s t o r e  t h e  symbolic  

coding e n t e r e d  through t h e  t e l e t y p e w r i t e r .  Th i s  f i l e  may be  a maximum 

of fou r  b locks  long.  The number of i n s t r u c t i o n  l i n e s  h e l d  i n  f o u r  

b locks  depends on t h e  number of c h a r a c t e r s  p e r  l i n e  bu t  g e n e r a l l y  i s  i n  

t h e  range of 400 t o  500. However, more than  one f o u r  b lock  t e x t  can be 

used t o  hold  t h e  symbolic  coding f o r  a program ( s e e  CONT page 31 of t h e  

LOSS manual). 

The EDIT program could  a l s o  be  used t o  develop alphanumeric  t e x t  

f o r  o t h e r  a p p l i c a t i o n s  s i n c e  i t  i s  s imply a program which p rov ides  f o r  

s t o r i n g  BCD c h a r a c t e r s  on t a p e  ( s e e  page 9 of t h e  LOSS manual f o r  t h e  

LOSS BCD codes ) .  

One such a p p l i c a t i o n  i s  t h e  updat ing  of t h e  sys t em ' s  t a p e  

program s t a c k  index  ( i n  no way r e l a t e d  t o  book indexes  on t a p e  u n i t  1) 

which is d e s c r i b e d  later on. 

The EDIT program i s  c a l l e d  i n  t h e  fo l lowing  manner: 

< PROG > > Moni to r ' s  program r e q u e s t .  

EDIT - d User asks  f o r  EDIT programs. PIonitor 

F ILE>> a sks  f o r  f i l e  on which t o  s t o r e  tile 

15 alphanumeric  informat  ion .  

SYMBPROG User p r e v i o u s l y  d e c l a r e d  some f i l e  
J 

9 (max 4 b locks )  on book 3 i n  t h i s  example. 
-2 

Presuming t h e  u s e r  i s  j u s t  s t a r t i n g  t o  w r i t e  a symbolic  pro- 

gram (not  changing a p r e v i o u s l y  w r i t t e n  one) t h e  E D I T  program simply 

d i s p l a y s  two numbers and t h e  end of t e x t  symbol on t h e  LINC o s c i l l o s c o p e  

( s i n c e  no t e s t  material, coding ,  e x i s t s ) .  
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o f  b locks  of t h e  t e x t  c u r r e n t l y  f i l l e d .  

Line number. 

End of t e x t  symbol. 

~ ~~~ 

There are two b a s i c  modes of t h e  EDIT program -- t h e  Cont ro l  

mode ( i n i t i a l  s t a t e )  and t h e  Inpu t  mode. The c o n t r o l  mode is used t o  

move through t h e  t e x t  w i t h  t h e  u s e  of  t h e  o s c i l l o s c o p e  and t o  perform 

c e r t a i n  o p e r a t i o n s  on t h e  t e x t .  The i n p u t  mode is en te red  by s t r i k i n g  

an  I on t h e  t e l e t y p e w r i t e r  whi le  i n  t h e  c o n t r o l  mode. It  is i n  t h e  

i n p u t  mode t h a t  t h e  a c t u a l  alphanumeric (symbolic  coding) material is  

e n t e r e d .  One e x i t s  froin t h e  i n p u t  mode by s t r i k i n g  a ! on the  tele- 

t y p e w r i t e r .  A d e t a i l e d  d e s c r i p t i o n  of t h e  E D I T  program and i t s  c o n t r o l  

o p e r a t i o n s  begins  on page 1 2  of t h e  LOSS manual. 

LAS S * 5. - 
LASS is t h e  symbolic  assembler under t h e  LOSS system. Though 

c a l l e d  j u s t  l i k e  any o t h e r  program on t h e  program s t a c k ,  i t s  func t ion  

is  t o  convert  a symbolic  program w r i t t e n  wi th  EDIT i n t o  an a b s o l u t e  

(machine language)  program and s t o r e  t h a t  a b s o l u t e  program i n  a numbered 

program s t a c k  p o s i t i o n  as s p e c i f i e d  by t h e  u s e r .  This  new program can 

then  be c a l l e d  through t h e  monitor  (by number only  a t  t h i s  p o i n t )  i n  the 

normal manner. 

The LASS assembler is c a l l e d  i n  t h e  fo l lowing  manner: 

<PROG> > Ffonitor 's  program reques t .  

LASS. User types  i n  program name. 

STACK / I ,  FILES Moni tor ' s  parameter r eques t .  

* 
o p e r a t i o n  mneumonics on page 38 of t h e  LOSS manual. 

Programming and Use-1 d e s c r i b e s  the  b a s i c s  of LTNC programming. 

The a c t u a l  language syn tax  is descr ibed  on pages 26-34 w i t h  a l i s t  of 

LINC,  Vol. 16 ,  

7 1  



3 2 J  

f3 
SYMBP R O S  

9 * 

User t y p e s  i n  t h e  s t a c k  l o c a t i o n  he  

d e s i r e s ,  t h e  book number, and 

f i l e  name of t h e  symbolic  coding 

developed w i t h  E d i t .  

The s t a c k  l o c a t i o n  is t h e  number of t h e  program s t a c k  

l o c a t i o n  on t a p e  u n i t  0 on which t h e  u s e r  wishes  t o  have t h e  a b s o l u t e  

coding s t o r e d .  Any s t a c k  l o c a t i o n  0-77 w i l l  b e  accep ted .  However, t h e  

monitor  n o r  LASS makes no p r o v i s i o n  f o r  s a f e g u a r d i n g  a program p r e -  

v i o u s l y  assembled on to  t h e  s t a c k  l o c a t i o n  i n  q u e s t i o n .  

t h e  user  must r e a l i z e  t h a t  s t a c k  p o s i t i o n s  10-25 are used by t h e  

sys tem's  programs themselves .  

I n  p a r t i c u l a r  

One of t h i s  se t ,  p o s i t i o n  22,  is  a working s t o r a g e  p o s i t i o n  

f o r  t h e  LASS assembler  and may be  g iven  as t h e  s t a c k  l o c a t i o n  f o r  an 

assembly. 

ano the r  assembly i s  performed. 

Such a program w i l l  s t a y  i n t a c t  on s t a c k  l o c a t i o n  22 u n t i l  

Performing an assembly i n  no way a f f e c t s  t h e  program s t a c k  

index .  U n t i l  t h e  s t a c k  number assembled i n t o  has  been g iven  a name 

( s e e  Updating Program S tack  Index) ,  t h e  program assembled can be r e f e r r e d  

t o  only  by number. 

For t h e  prev ious  example t h e  c a l l  t o  execu te  t h e  newly created 

program would be: 

<PKOG>> :. ionitor 's  program r e q u e s t .  

Number of program ( i n s t e a d  of  a name). 33- 
PARAMS> > Parameter  r e q u e s t  g iven  f o r  programs 

c a l l e d  by number. 
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Parameters would be g iven  as provided 

f o r  i n  t h e  p a r t i c u l a r  program. 

A. Program S t a r t i n g  Locat ions 

The assembler ,  under normal c i rcumstances ,  assembles t h e  

f i r s t  symbolic code l i n e  such t h a t  i t  w i l l  be loca t ed  i n  l o c a t i o n  400 

when t h e  program i s  loaded by t h e  monitor.  A l l  succeeding l i n e s  w i l l  be 

pu t  i n  s u c c e s s i v e l y  h ighe r  l o c a t i o n s .  This  i s  e q u i v a l e n t  t o  s t o r i n g  

t h e  a b s o l u t e  coding f o r  t h e  f i r s t  400 symbolic  i n s t r u c t i o n s  on block 1 

of t h e  10  b lock  program s t a c k  p o s i t i o n  s e l e c t e d  by t h e  u s e r .  When t h e  

moni tor  loads  t h e  program it  loads  b locks  1, 2 ,  3,  4 ,  5 of t he  par-  

t i c u l a r  program s t a c k  p o s i t i o n  i n t o  q u a r t e r s  1 . . . 5 of t h e  computer 

(b locks  0 ,  6, 7 are no t  loaded) .  

I f  t h e  u s e r  does n o t  wish t o  have h i s  f i r s t  symbolic code 

l i n e  assembled i n t o  l o c a t i o n  400 but s ay  a lower l o c a t i o n  l i k e  ,100, an 

ORG s t a t emen t  of t he  form: 

ORG 100 

must precede t h e  f i r s t  a c t u a l  symbolic code l i n e  ( s e e  page 29 of t h e  

LOSS manual). 

I n  t h i s  ca se  b lock  0 of t h e  s e l e c t e d  program s t a c k  

p o s i t i o n  w i l l  c o n t a i n  t h e  f i r s t  300 l o c a t i o n  of t h e  a b s o l u t e  program 

upon complet ion of t h e  assembly. This  b lock ,  however, w i l l  n o t  be 

loaded a u t o m a t i c a l l y  by t h e  monitor.  Usual ly  t h e  programmer p l a c e s  an 

ORG 400 w i t h i n  ( i n  t h i s  case)  300 code l i n e s  of the  ORG 100. It i s  t o  

t h e  f i r s t  code l i n e  a f t e r  t h e  ORG 400 t h a t  c o n t r o l  would go a f t e r  t h e  
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monitor  loaded t h e  program. A t  t h i s  p o i n t  t h e  programmer might load  

t h e  block 0 of  t h a t  program s t a c k  p o s i t i o n ,  t hus  having t h e  e n t i r e  

program i n  t h e  memory. T h i s ,  of c o u r s e ,  restricts t h e  programmer t o  

always assembling t h a t  program on a p a r t i c u l a r  program s t a c k  p o s i t i o n  

s i n c e  t h e  read  s t a t emen t  used t o  load  t h e  b lock  0 remains f i x e d .  

B. Returning t o  Monitor  

I f  q u a r t e r s  0 and 6 of t h e  memory have been l e f t  undis-  

t u r b e d  by t h e  u s e r  w h i l e  execu t ing  h i s  program t h e  i n s t r u c t i o n :  

JMP RETURN 

w i l l  r e t u r n  c o n t r o l  t o  t h e  moni tor  ( i n  q u a r t e r  0 ) .  I f  t h e  u s e r  needs 

q u a r t e r  0 and 6 of t h e  memory they can be saved ( say  on b lock  6 and 7 

of t h e  program s t a c k  p o s i t i o n )  and t h e n  read  back i n  j u s t  b e f o r e  t h e  

JMP RETURN i s  executed .  I f  one does n o t  wish t o  save q u a r t e r s  0 and 6 

t h e  i n s t r u c t i o n s  : 

RDC 

0 150 

JMP 0 

w i l l  r e load  t h e  moni tor  comple te ly  j u s t  as w a s  done manually when 

o p e r a t i o n s  were begun. 

C .  Accepting Parameters  by t h e  User's Program 

S ince  t h e  LOSS manual d i s c u s s e s  t h e  i n t r i c a c i e s  of accept -  

i n g  parameters  on pages 40-42 and 54-60 t h e  d i s c u s s i o n  h e r e  w i l l  d e a l  

o n l y  with a c c e p t i n g  t h e  parameters  submi t ted  t o  t h e  moni tor  a t  t h e  t i m e  

t h e  u s e r ' s  program c a l l  i s  made. 

Parameters  of t h e  form 

I 4  

TESTDATA 

which r e p r e s e n t  a f i l e  t o g e t h e r  w i t h  i t s  book number (one has  no 

s i g n i f i c a n c e  wi thou t  t h e  o t h e r )  are conve r t ed ,  immediately upon be ing  
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e n t e r e d ,  by t h e  moni tor .  They are converted t o  two o c t a l  i n t e g e r s ;  

t h e  f i r s t  b lock  of  t h e  f i l e  and t h e  number of  b locks  ( t a p e  u n i t  1) 

a l l o c a t e d  t o  t h a t  f i l e  when i t  was defined ( s e e  DEFINE). These two 

i n t e g e r s  are saved on a b u f f e r  i n  such a manner t h a t  t hey  can be  

p icked  up by t h e  u s e r ' s  program as descr ibed  below. 

t h e  a c t u a l  s t a r t i n g  b lock  and l eng th  of t h e  f i l e  (say s t a r t i n g  b lock  

i s  4 2 3 ,  l e n g t h  is  1 6 ) ,  could e n t e r :  

A u s e r ,  i f  he  knew 

4 2 3  

1 6  

a t  which t i m e  t h e  moni tor  would recognize  them simply as octal  i n t e g e r s  

and t r a n s f e r  them d i r e c t l y  t o  t h e  b u f f e r .  In e i t h e r  of t h e  above cases, 

t h a t  which is  seen  by t h e  u s e r ' s  program is  t h e  same two o c t a l  i n t e g e r s  

r e p r e s e n t i n g  a s t a r t i n g  b lock  and a f i l e  l eng th .  

S i m i l a r l y  a parameter  e n t r y  of t h e  form: 

/5 

INPUTDATA 

1 6  
OUTPUTDATA 

would provide  f o u r  o c t a l  i n t e g e r s  t o  t h e  u s e r ' s  program. 

The e n t r y :  

/1 

VOLTS 

3125 

would p rov ide  t h r e e  o c t a l  cons t an t s  t o  t h e  u s e r ' s  program. 

Accept ing t h e s e  q u a n t i t i e s  r e q u i r e s  use  of t h e  coding i n  

q u a r t e r  0 of t h e  monitor  and a l s o  in fo rma t ion  l e f t  i n  q u a r t e r  6 ( t h e  

b u f f e r )  when t h e  u s e r ' s  program i s  loaded.  The re fo re  t h e  parameters  

shou ld  be accep ted ,  f i r s t  t h i n g ,  i n  t h e  fo l lowing  manner i f  t h e  u s e r  

i n t e n d s  t o  d e s t r o y  t h e  c o n t e n t s  of t h o s e  two q u a r t e r s .  
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The coding:  

I n i t i a l i z a t i o n  

One set of fou r  

JMP GET 

JMP + 3 

JMP GETCL 
I n s e r t  t a g  h e r e  t o  which 
c o n t r o l  should  go a f t e r  

ADD 0 g e t t i n g  a l l  parameters. 

JMP LSTOP 

c- JMP _-___ 

LDA ; 

----- -Tag of l o c a t i o n  i n t o  which 

JMP LSTEL 

3776 Contro l  e n t r y  desc r ibed  on 

t h e  u s e r  wants t h e  va lue  t o  go. 

page 58 of  t h e  LOSS manual. 

(,LDA; 
)----- 

i n s t r u c t i o n s  f o r  
each parameter 

LDA ; 

JMP LSTEL 

3776 

Terminator  J?.IP LSTCL 

User's 
program 

7 6  



. 

w i l l  p i c k  up t h e  parameters  from t h e  m o n i t o r ' s  b u f f e r  ( en te red  by t h e  

u s e r  d u r i n g  t h e  program c a l l )  and p l ace  them i n  t h e  l o c a t i o n  named by 

t h e  u s e r  fo l lowing  t h e  LDA; i n s t r u c t i o n s .  

A more d e t a i l e d  and e x t e n s i v e  d i s c u s s i o n  of parameter  hand l ing  

t echn iques  is  d i s c u s s e d  i n  t h e  LOSS manual,  pages 40-42 and 54-60. 

6 .  Updating t h e  Program Stack  Index 

A s  mentioned b e f o r e  t h e  assembling of  a program i n t o  t h e  

program s t a c k  i n  no way e n t e r s  in format ion  i n t o  t h e  program s t a c k  

index .  This  i ndex  is  s t o r e d  on block 155 of t h e  program s t a c k  t a p e  

( u n i t  0) and is loaded i n t o  q u a r t e r  5 of t h e  memory when t h e  monitor  

is  i n  co re .  

The index  is  updated by updat ing an  i d e n t i c a l  image of i t ,  

which is s t o r e d  as a f i l e  on t a p e  u n i t  1, us ing  t h e  EDIT program. I f  

an image of t h e  program s t a c k  index is n o t  p r e s e n t l y  a v a i l a b l e  on t a p e  

u n i t  1 proceed as fo l lows .  

Define a f i l e  of l e n g t h  one b lock  us ing  t h e  DEFINE program. 

Determine i t s  a b s o l u t e  l o c a t i o n  on t a p e  u n i t  1 by e n t e r i n g  any program 

number ( o r  name) fol lowed by the book number and a q u e s t i o n  mark: 

<PKOG>> 

31 Any number. 

/ 4  Book number i n  which f i l e  is de f ined .  

? Question mark. 

The c o n t e n t s  of t h a t  book index  w i l l  b e  p r i n t e d  ou t  and from 

t h i s  t h e  a b s o l u t e  l o c a t i o n  of  t h e  1 b lock  f i l e  j u s t  de f ined  can be 

determined.  With t h e  l o c a t i o n  of  t h e  f i l e  de te rmined ,  b lock  155 of t h e  

program s t a c k  can be read  i n t o  core  and w r i t t e n  o u t  aga in  on t h e  f i l e  

j u s t  de f ined .  

u n i t  1. 

An image of t h e  program s t a c k  index  is  t h u s  saved on 

Using t h e  EDIT program t h i s  image of t h e  program s t a c k  index  

can be d i sp layed  on t h e  o s c i l l o s c o p e  and a l t e r e d  us ing  t h e  normal E D I T  
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f e a t u r e s .  The program s t a c k  index  as i t  appea r s  f o r  t h e  b a s i c  

sys tem's  program can  be seen  on L i s t i n g  14. 

a program s t a c k  p o s i t i o n )  c o n s i s t s  of  two p a r t s  each t e rmina ted  by a 

d o l l a r  s i g n .  The f i r s t  i s  t h e  program name and t h e  second is t h e  

parameter  r eques t  t h e  u s e r  wishes  t o  have p r i n t e d  o u t  by t h e  moni tor  

when the  name is e n t e r e d  du r ing  t h e  program c a l l .  

Each e n t r y  ( r e p r e s e n t i n g  

The l a s t  e n t r y  is fol lowed by two d o l l a r  s i g n s  t o g e t h e r  which 

act  as a t e rmina to r  f o r  t h e  e n t i r e  index .  Not ice  t h a t  unused program 

s t a c k  p o s i t i o n s ,  below t h e  h i g h e s t  one p r e s e n t l y  i n  u s e ,  must be 

i n d i c a t e d  by a 

e n t r y .  The number of t h e  s t a c k  p o s i t i o n  and i t s  name are r e l a t e d  

s imply by t h e  p o s i t i o n  of t h e  name i n  t h e  program s t a c k  index.  

i n s t a n c e  TYPE is i n  l o c a t i o n  10 and EDIT i s  i n  l o c a t i o n  16 as shown i n  

L i s t i n g  14 .  

For 

A f t e r  t h e  image of tlie program s t a c k  h a s  been updated as a 

t e x t  on t a p e  u n i t  1, t h e  c o n t e n t s  of t h e  t e x t  can be t r a n s f e r r e d  t o  t h e  

program s t a c k  t a p e  on u n i t  0.  This  is  clone by r ead ing  t h e  s i n g l e  

b lock  t e x t  i n t o  c o r e  ( u s i n g  t h e  l e f t  and r i g h t  s w i t c h e s )  and w r i t i n g  

i t  o u t  on block 155 of u n i t  0 ,  t h e  program s t a c k  t ape .  

7 .  Non-LOSS S t r u c t u r e d  Data Tapes  

It i s  in t ended  t h a t  t h e  d a t a  t a p e  used by LOSS (on u n i t  1 on ly )  

be  d iv ided  i n t o  10  books of 100 b locks  each and each  book i n t o  f i l e s  

(sometimes c a l l e d  t e x t s ) .  The e x p l a n a t i o n  of t h e  DEFINE program above 

d e s c r i b e s  more thoroughly  t h i s  format .  

However, i t  i s  n o t  a b s o l u t e l y  necessary  t h a t  t h e  d a t a  t a p e  be  

s t r u c t u r e d  i n t o  t h i s  book- f i l e  format .  S ince  t h e  moni tor  t r a n s f e r s  

parameters  of t h e  form: 

I1 
DATA 

Book number 

F i l e  name 
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i n t o  simply two o c t a l  i n t e g e r s ,  one can s u b s t i t u t e  f o r  such  sets of 

parameters  t h e  two o c t a l  i n t e g e r s  themselves .  These two i n t e g e r s  are 

(1 )  the  f i r s t  b lock  of t h e  d a t a  area on t h e  t a p e ,  and ( 2 )  t h e  l e n g t h  

i n  b locks  of t h e  d a t a  a r e a .  

desc r ibed  above f o r  a more complete d e s c r i p t i o n .  

See  "Accepting Parameters"  under LASS 
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APPENDIX A 

S i n c e  a t e l e t y p e  u n i t  p rovides  a s imple ,  convenient  and inexpens ive  

i n p u t / o u t p u t  dev ice ,  i t  seems t o  have been u n i v e r s a l l y  used on t h e  LINC. 

A small  amount of i n t e r f a c e  w i r i n g  s u f f i c e s  t o  make t h e  connec t ion  t o  

t h e  LINC. Unfo r tuna te ly ,  a number of d i f f e r e n t  c o n f i g u r a t i o n s  have 

evolved.  

i s s u e d  May 26, 1964 by t h e  Massachuset ts  I n s t i t u t e  of  Technology. The 

addres s  g iven  f o r  i n q u i r i e s  w a s :  

One c o n f i g u r a t i o n  is  descr ibed  i n  Informat ion  B u l l e t i n  #6 ,  

S .  M. Orns t e in  
CENTER DEVELOPMENT OFFICE 

292 Main S t r e e t  
Cambridge 4 2 ,  Massachuset ts  

Phone : 49 1-19 34 

f o r  Computer Technology i n  t h e  Biomedical Sciences 

The B u l l e t i n  a l s o  g ives  a program r o u t i n e  f o r  t h e  c o n f i g u r a t i o n ,  which 

w i l l  b e  c a l l e d  t h e  "LINC Standard" f o r  t h e  remainder of t h i s  appendix.  

Another c o n f i g u r a t i o n  was t h e  f u l l  bu f fe red  i n p u t / o u t p u t  where 

hardware means were used t o  make the s e r i a l - p a r a l l e l  and p a r a l l e l -  

ser ia l  convers ion  of t h e  t e l e t y p e  code. 

t o  t h i s  c o n f i g u r a t i o n  i n  t h i s  r e p o r t .  

There i s  no o t h e r  r e f e r e n c e  

The LINC i n  our  l a b o r a t o r y  w a s  connected t o  a Model 33 Te le type  

i n  1963 be fo re  any s t anda rd  hardware c o n f i g u r a t i o n  w a s  recognized.  

This  hardware w i l l  be  r e f e r r e d  t o  a s  t h e  " IRL connec t ion ,"  f o r  which 

a l l  o u r  own r o u t i n e s  were w r i t t e n .  Table  1 ( i n  t h i s  appendix) g i v e s  a 

comparison of  t h e  IRL connect ion with t h e  L I N C  s t anda rd .  
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TABLE 1 

A Comparison Between t h e  IRL and LINC S tandard  Conf igu ra t ion  

Output 

- I R L  L I N C  S tandard  

- 
BR = 1 

0 
BRo = 1 

Input  Sense XLO XLO 

Send/Receive Mode "ha l f  duplex' '  f u l l  duplex 

The e x p l a n a t i o n  of t h e  Send/Receive Mode is  a s  fo l lows .  I n  t h e  

I R L  connect ion t h e  p r i n t e r  is wired t o  t h e  keyboard. It t y p e s  what 

t h e  key i n d i c a t e s ,  r e g a r d l e s s  of whether  o r  n o t  t h e  LINC is  moni tor ing  

t h e  t e l e t y p e  ou tpu t .  Thus t h e  p r i n t e r  can b e  ope ra t ed  by e i t h e r  t h e  

programmer o r  t h e  L I N C  bu t  no t  bo th  a t  t h e  same t i m e .  This  is  a 

v a r i a t i o n  of t h e  u s u a l  h a l f  duplex mode, i n  which t h e  p r i n t e r  a t  

s t a t i o n  1 is a c t i v a t e d  only  by t h e  t r a n s m i t t e d  s i g n a l  from s t a t i o n  2 

under  t h e  c o n t r o l  of a d a t a  s e t  which de termines  t h e  d i r e c t i o n  of 

in format ion  flow. Our s o f t w a r e  uses  t h e  symbol " ; ' I  t o  c a r r i a g e  r e t u r n  

and space  a t  t h e  end of a program l i n e .  I f  t h e  o p e r a t o r  expec t s  a 

response from t h e  L I N C ,  he  must n o t  touch t h e  keyboard u n t i l  t h e  

response i s  completed.  I f  t h e  o p e r a t o r  i s  typ ing  when t h e  L I N C  

responds ,  t h e  message w i l l  be  ga rb led .  The running  of t h e  program, 

however, w i l l  b e  una f fec t ed .  I n  t h e  f u l l  duplex mode of t h e  LINC 

Standard ,  t h e  keyboard and t h e  p r i n t e r  o p e r a t e  independent ly .  The 

program is typed o u t  on ly  i f  t h e  LINC is  i n s t r u c t e d  t o  "echo back." 

I n  t h i s  mode, t h e  t e l e t y p e  may send and r e c e i v e  s imul t aneous ly .  

From Table  1, i t  would seem t h a t  ou r  programs may b e  used on 

t h o s e  machines which employ t h e  LINC Standard  by s imply changing a l l  

i n s t r u c t i o n s  t o  load  I3R t o  do j u s t  t h e  complement. This  is indeed 

t h e  case. A s  an a l t e r n a t i v e ,  w e  have developed a s i m p l e  c i r c u i t  which 

enab le s  t h e  u s e r  t o  select  t h e  I R L  connec t ion  o r  t h e  L I N C  S tandard  

0 
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by a s i n g l e  throw of a togg le  s w i t c h  mounted on t h e  f r o n t  pane l  of a 

t e r m i n a l  frame p lug- in  u n i t .  Thus e i t h e r  so f tware  may be used. This  

c i r c u i t  i s  shown i n  F igu re  1, mounted on a b lank  DEC card  of t h e  

4000 series. F igure  2 is a block diagram of t h e  c i r c u i t .  

Those u n f a m i l i a r  w i th  t h e  t e l e t y p e  who a r e  p lanning  t h e  hookup 

would do w e l l  t o  fo l low t h e  i n s t r u c t i o n s  i n  B u l l e t i n  /I6 (p rev ious ly  

r e f e r r e d  t o )  i n  o r d e r i n g  t h e  t e l e t y p e  u n i t .  This  p recau t ion  w i l l  

minimize t h e  d i f f i c u l t i e s  i n  making t h e  proper  connec t ions .  The 

s t e p s  are o u t l i n e d  c l e a r l y  i n  t h e  B u l l e t i n ,  which makes r e f e r e n c e  t o  

Te le type  Drawing 6353 WD. 

a s t r i p p e d  down v e r s i o n  of t h e  u n i t  desc r ibed  by Drawing 6353 WD. To 

h e l p  those  in similar  s i t u a t i o n s ,  w e  have drawn an abbrev ia t ed  

schemat ic  (F igu re  3) which d e t a i l s  t h e  e s s e n t i a l  connec t ions .  

In our  case ,  w e  d i scovered  t h a t  our  u n i t  is  
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TELETYPE 44 

IRL 

LlNC STANDARD 

A BRO RECEIVE 

TELETYPE 
SEND 

F I G U R E  2 

A BLOCK DIAGRAM OF F I G U R E  1 U S I N G  NOR G A T E S .  
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APPENDIX B 

The Calcomp Model 565 D i g i t a l  Incrementa l  P l o t t e r ,  an  ex t remely  

u s e f u l  t o o l ,  is e a s i l y  connected t o  t h e  LINC. Our own connect ion ,  

which w e  term t h e  " I R L " , i s  descr ibed  i n  F igure  1 of t h i s  appendix.  

Another connec t ion ,  which w e  w i l l  c a l l  t h e  "LINC S tandard ,"  is  

d e s c r i b e d  i n  Informat ion  B u l l e t i n  #4 ,  i s s u e d  A p r i l  2 7 ,  1964 by t h e  

Massachuse t t s  I n s t i t u t e  of Technology. The addres s  g iven  f o r  

i n q u i r i e s  w a s  : 

S .  M. Orns te in  
M.I.T. Center  Development O f f i c e  
292 Main S t r e e t  
Cambridge, Massachuset ts  02142 

The Calcomp 565 accepts 6 types  of commands: 

(1)  Drum Up 

(2)  D r u m  Down 

( 3 )  Car r i age  Right 

(4) Ca r r i age  L e f t  

(5)  Pen Up 

( 6 )  Pen Down 

The LINC Standard uses  a s e p a r a t e  OPR l i n e  f o r  each of t h e s e  commands. 

Our  c o n f i g u r a t i o n  w a s  adopted f o r  t he  purpose of sav ing  OPR l i n e s  f o r  

o t h e r  f u n c t i o n s .  It a l s o  saves  a smal l  amount of programming i n  

p l o t t i n g  l i n e s  a t  45 degrees ,  a l though t h i s  w a s  no t  an o b j e c t i v e .  

To run t h e  Calcomp i n  t h e  IRL connect ion ,  one loads  t h e  

accumulator  w i t h  t h e  proper  code and execute8  an  OPR 0. 
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The codes are as  follows: 

COHMAND 

Carriage Left 

Carriage Right 

Drum Up 

Drum Down 

Pen Up 

Pen Down 

OCTAL CODE 

1 

2 

4 

10 

20 

40 
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